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Interspecific Hybridization among Insects with a Report 
on Crossbreeding Experiments with Stink Bugs' 
R. I. Satter, Entomology Research Branch, Agr. Res. Serv., U.S.D.A. 


Note: This paper and the three which follow it 
were presented as a symposium entitled “Genetics 
in Entomology; Hybridization and Pesticide Re- 
sistance” (Dr. H. H. Schwardt, Cornell University, 
Moderator) at the Eastern Branch Meeting of the 
Entomological Society of America held in Phila- 
delphia, Pennsylvania, November 16-17, 1953. A 
paper by Dr. Floyd F. Smith, also presented on this 
program, was not available in time to be included 
here.—Eprror 


Hybridization is a subject in which I 
have been interested for several years. 
However, being a taxonomist, I have had 
little time in which to conduct crossing 
experiments. Data from such work as I 
have done have piled up in a largely un- 
digested form, and my comments here 
must be preliminary in nature. 

Almost 10 years ago I undertook a re- 
vision of the genus Chlorochroa,? which 
includes the economically important Say’s 
stink bug (C. sayi Stal) and the conchuela 
(C. ligata (Say)). Almost immediately I 
discovered that in the intermountain re- 
gion of the Northwest at least three of the 
species, including the conchuela, break 
down into a maze of intermediate popula- 
tions. One of the species is found over 
most of eastern United States, the con- 
chuela is southwestern but extends north 
to Canada, and the third species is re- 
stricted to Oregon, Washington, and 
British Columbia. All three occur together 
in British Columbia, and the first two are 
found together east of mountains in the 
northern high plains region. Over much 
of Montana, Idaho, Utah, and eastern 
Washington and Oregon populations oc- 
cur which cannot be assigned to any one 
of these species and which exhibit char- 
acters that clearly suggest hybrid origin 
involving two or even all three species. 
This brought my study to a halt, for I 
couldn’t decide whether to deal with the 
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forms as species, subspecies, local popula- 
tions, or hybrids. 

The possibility that hybrids were in- 
volved was suggested by the work of Foot 
& Strobell (1914), who succeeded in ob- 
taining fertile hybrids between Euschistus 
variolarius (P. de B.) and servus (Say), 
two of the most common stink bugs found 
in eastern United States. Furthermore, 
their hybrids presented the same inter- 
mediate appearance as did the natural 
populations of Chlorochroa in the North- 
west. 

I therefore decided to discontinue work 
on the Chlorochroa revision and test the 
possibility that questionable populations 
such as those encountered in this genus 
could be considered of hybrid origin. In 
this course of action I was influenced by 
the opinion widely held in taxonomic cir- 
cles, as late as 8 or 10 years ago, that it 
was little short of heresy to speak of fer- 
tile hybrids between species of animals. 
There is already considerable literature 
dealing with interspecific hybrids. Among 
the earliest well-authenticated records are 
those concerning butterflies and moths. 
However, such records were seldom more 
than notices that a different-looking 
specimen had been obtained. Few at- 
tempts were made to determine whether 
the hybrids were fertile. Occasionally it 
was noted that similar specimens had 
been captured in the field. 

About 1920 the first instance of inter- 
specific hybridization was obtained in the 
genus Drosophila. Geneticists were quick 


1 Supported in part by a grant from the Penrose Fund of the 
American Philosophical Society. 

2 Chlorochroa Stal is a homonym, but until certain generic rela- 
tionships are clarified it seems best to continue using this name 
rather than to accept a replacement name which might soon be 
displaced because of generic synonymy. 
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to utilize hybridization as a tool in their 
work, and since 1930 much effort has 
been directed toward such studies in 
Drosophila. Most of these studies have 
been made by or under the direction of 
T. Dobzhansky at Columbia University 
and J. J. Patterson at the University of 
Texas. This work was brought together 
and published by Patterson & Stone 
(1952). Since 1945 many instances of 
laboratory hybridization between species 
of mosquitoes and species of Lepidoptera 
have been reported. In fact, the evidence 
has now piled up to a point where only the 
most obstinate or the uninformed con- 
tinue to hold the view that hybrid sterility 
is a necessary species criterion. 

This raises the question of a species 
definition, and in my subsequent discus- 
sion I use the one originated by geneticists 
and generally accepted by taxonomists— 
namely, an actually or potentially inter- 
breeding natural population that is re- 
productively isolated from other such pop- 
ulations. Since we cannot hope to apply 
crossbreeding tests to more than a small 
number of the innumerable forms of life, 
we all find it necessary to rely on the 
ability and knowledge of the taxonomist 
who decides that a form is a species. The 
taxonomist ordinarily uses structure as 
the basis for his decision. If a form is dis- 
tinguished by certain structural charac- 
teristics that are not found to intergrade 
with those of related forms, it is assumed 
that the population is reproductively iso- 
lated and thus qualifies as a species under 
the geneticist’s definition. 

All this emphasizes the disjunct nature 
of species. Yet every taxonomist has re- 
peatedly encountered instances in which 
his decision to place a form as a species 
or subspecies was admittedly arbitrary. 
Judging from the work on Drosophila, 
the geneticist is better off only to the ex- 
tent that he is able to apply a more dis- 
criminating technique to the study of 
questionable forms. Yet it is clear that 
often the most careful study of certain 
forms of Drosophila has not allowed defi- 
nite assignment of species or subspecies 
status. We are left with the obvious con- 
clusion that life forms grade from freely 
interbreeding populations, through popu- 
lations that are reproductively isolated in 
practice but still potentially capable of 
crossing and producing some fertile off- 
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spring, to those that are incapable of inter- 
breeding in any degree. 

My purpose here is to consider the pos- 
sible effect of hybridization on the course 
of evolution. Hybridization is known to 
occur at all levels from the intraspecific 
strain to interspecies, and in some groups 
even between genera. In the lower levels 
it is a recognized cause of gene flow and re- 
sults in the movement of characters 
through interbreeding populations. The 
situation is different at the interspecies 
level, where zoologists generally believe 
that hybridization has little effect on the 
course of evolution, and it is with this 
view that I wish to take issue. 

A little over a decade ago Dobzhansky 
was able to cite only five cases of hybridi- 
zation in the genus Drosophila. Subse- 
quent studies enabled Patterson and 
Stone to list at least 86 interspecific 
crosses in the same genus. About 70 of 
these crosses produced fertile offspring 
of one or both sexes, and the authors ad- 
mitted that gene exchange between the 
crossed species was possible. 

At present there are 613 known species 
of Drosophila. They are placed in 9 sub- 
genera, 2 of which are subdivided into 
species groups—Lophophora with 7 and 
typical Drosophila with 22. No crosses 
between species belonging to different 
subgenera or different species groups have 
been obtained. Within species groups the 
possibilities for obtaining additional 
crosses are far from exhausted, for only a 
few of the species have been tested in 
what approaches all possible combinations. 
It is also apparent that many of the 
crosses were successful only after repeated 
trials. 

Not being a geneticist, I should doubt- 
less exercise caution in any expression of 
views that departs significantly from con- 
clusions based on such a mass of data as 
those presented by Patterson & Stone 
(1952). Nevertheless, I do question their 
statement which reads as follows (page 
501): 


“In fact the definition of a species as an evolving 
unit must be based on the concept that the gene sys- 
tems available to a species as they exist or occur by 
mutation or recombination are responsible for its 
further existence and evolution. This does not pre- 
clude some hybridization and gene exchange which 
may benefit a species, but such donations of genes 
from another form cannot dominate its evolutionary 
progress.” 
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My reason for questioning this asser- 
tion is based largely on their discussion of 
evolution in the virilis group, where they 
admit the probability that the species 
americana was the result of the natural 
crossing of terana and novamexicana 
(pages 448 and 449): 

“The inversions present in americana show that 
this form is a mixture of gene sequences from ferana 
and novamexicana. It is in this sense a hybrid form, 
whether or not texana and novamexicana were spe- 
cies or subspecies at the time their heterozygotes 
produced the basic configurations of americana.” 


The potential importance of hybridiza- 
tion is again indicated by the evidence 
cited by Patterson and Stone that in at 
least three Drosophila crosses the males 
are sterile when backcrossed to females of 
their parent species but are fertile when 
mated to hybrid females of the same 
cross. This strongly suggests the origin 
of one kind of reproductive isolation. 

The insect physiologist Wigglesworth 
(1953) has recently reported that a Ger- 
man worker obtained hybrids between 
several hawk moths, and found that the 
F,; males were fertile, but that the F, fe- 
males died in the pupal stage. He pre- 
vented this mortality by withdrawing all 
the blood from the female pupae and re- 
placing it with blood from hybrid male 
pupae. According to Wigglesworth, this 
is clearly the result of a sex-linked genetic 
disturbance involving a growth-hormone 
factor. 

Clarke & Sheppard (1953) were able 
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by a hand-pairing technique to overcome 
sexual isolation between four species of 
North American swallowtails and obtain 
hybrids that were partially fertile only in 
backcrosses. A steady increase in fertility 
was obtained with repeated backcrosses. 
They point out that the members of the 
**Machaon complex” to which these but- 
terflies belong are closely related, and 
are in fact treated as subspecies by the 
British Museum. They conclude that 
these forms must be treated as extreme 
subspecies rather than valid species, since 
some of the backcrosses are fertile. In 
comparison with the studies in the Dro- 
sophila this is an extremely cautious view, 
especially since three of the species of 
swallowtails occur together in northeast- 
ern North America and two in the south- 
western part of the continent. In fact, 
the range of one species is completely 
overlapped by one of the other three. 

I have succeeded in obtaining hybrids 
from reciprocal crosses of the stink bugs 
Euschistus servus and variolarius. These 
two species are found over most of the 
United States. In most localities wHere 
they occur they are often collected in the 
same sweep of a net. The two species are 
readily distinguishable in both sexes. 
Whereas variolarius is structurally uni- 
form throughout its range, servus breaks 
up into two subspecies, one being euschis- 
toides (Voll.), which until recently has 
been treated as a distinct species. Typical 
servus is common in southeastern United 


Table 1.—Results' of breeding experiments with Euschistus servus (S) and E. variolarius (V) and 


hybrid strains of these species. 














MatINnGs Per Cent 
SPECIES OR TorTaL MatinGc OBSERVED PER Mat- Tora. EcGs PER oF FEr- 

Hysrip STRAIN FEMALES Days Matines 1NnG Day Eaes FEMALE TILE Eaas 
\ 201 4,720 314 0.067 8642 43.0 91.4 
Ss 176 5,003 321 044 7515 42.7 90.5 
S9xXVo 409 15,409 43 .003 8534 20.9 4 
V? XSo 319 13 , 562 42 .003 6868 21.5 | Pe 
F; VS (first series) 7 648 48 074 2669 381.3 91.0 
(F, VS)9XVo 6 263 Q7 .128 592 98.6 79.1 
(F; VS)° xSoe 5 234 22 .093 592 118.4 78.9 
V°X(F: VS) 5 213 20 094 201 40.2 58.1 
S? X(F: VS) 7 292 8 .027 253 36.1 64.9 
F, VS - —- —— — 894 — 69.2 
F, VS (second series) 5 — — — 1760 352.0 85.$ 
F, VSS 11 1,690 49 .028 3219 292 .6 56.1 
F, VSSS (incomplete) 5 541 7 .013 452 90.4 88.0 

(F, VSSS) 7 XS 

(incomplete) 6 540 9 O17 412 68.7 88.1 





1 The first four lines combine the results of six tests conducted over a period of 2 years, the remaining ten lines are concerned with 


but one test for each of the hybrid strains. 








380 JOURNAL OF Economic ENTOMOLOGY 


States, but euschistoides extends from 
coast to coast across the northern part of 
the country. Through a long belt from 
Maryland to Kansas the two subspecies 
of servus intergrade, and it is from this belt 
that my laboratory colonies originated. 

When Foot & Strobell (1914) crossed 
variolarius and servus, they carried their 
hybrids only to the F; generation, whereas 
I have carried populations to the F; gener- 
ation. In addition I have carried a back- 
crossed line—} variolarius+ 2? servus—to 
F; and then obtained backcrosses provid- 
ing % variclarius+ { servus, ?s variolarius 
+ 48 servus, and 3 variolarius+? servus. In 
these studies records have been kept 
which permit comparison of sexual ac- 
ceptance, egg production, and egg fertil- 
ity. Reared adults of all lines were pre- 
served in order to learn the effect of hy- 
bridization on the characters found useful 
in distinguishing variolarius and servus. 

The data presented in table 1 indicate 
the existence of two barriers to successful 
crossing of variolarius and servus. First is 
the barrier of sexual compatibility. In my 
experiment males and females of the same 
species were placed together, and at the 
same time and from same stocks males of 
one species were placed with females of 
the other. All females were virgin, and 
all specimens were of approximately the 
same age. Twice each day the number of 
mating pairs was recorded, and any eggs 
found were removed, counted, and held 
for hatching. From the number of matings 
per pair per day it was calculated that 
the average number of days for one ob- 
served mating for each pair was 15 for 
variolarius, 23 for servus, and 333 for a 
female of one species placed with a male 
of the other. Expressed another way, 
males will mate with females of their 
own species 17 times more readily than 
with females of the other species in the 
absence of free choice. 

The second barrier to crossing of the 
two species is egg fertility. As shown in 
table 1, the average fertility of variolarius 
eggs was 91.4 per cent and that of servus 
90.5 per cent, but eggs laid by vartolarius 
females segregated with servus males were 
only 1.7 per cent fertile, and those of 
servus females segregated with variolarius 
males were even less fertile, averaging 
only 0.4 per cent. Once a sufficient num- 
ber of individuals were used, these two 
barriers were broken to the extent that a 
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few F, hybrids were obtained. These 
hybrids exhibited very great vigor, for 
18 F, females produced on an average 199 
eggs apiece, or 4.6 times as many as fe- 
males of either pure species. The eggs of 
seven F, females mated to F,; males 
proved to be 91.0 per cent fertile. Those 
laid by F, females mated to either vario- 
larius or servus males were about 79 per 
cent fertile. Eggs produced by variolarius 
females mated to F, males were only 
58.1 per cent fertile, and those of servus 
females mated to F; males 64.9 per cent. 
There appears to be no sexual barrier 
between the F,; hybrids and either pure 
species. In fact, individuals of either 
species seem to mate more frequently with 
F, hybrids than with individuals of their 
own species. However, the 0.027 mating 
per day for servus females with the F, 
hybrid males suggests that the high values 
for the other combinations involving F; 
hybrids are possibly due to an insufficient 
sample. The data obtained from a second 
series of F; hybrids, for which only the 
total number and fertility of eggs were 
recorded, confirmed the high productivity 
of F; hybrids. Eggs laid by F: hybrids 
were only 69.2 per cent and those laid by 
F, } variolarius+? servus were only 56.1 
per cent fertile. F, backcrosses from the 
F; generation of this line mated to servus 
produced eggs that were 88 per cent fertile. 

Having once produced fertile hybrids 
between variolarius and servus, it became 
possible to study the effect of hybridiza- 
tion on characters commonly used to sepa- 
rate the species. Several external char- 
acters, such as color, head shape, and the 
degree to which the humeral angles are 
spinose, permit easy recognition of the 
species. Unfortunately they vary from 
generation to generation, probably be- 
cause of environmental factors, so that it 
is sometimes difficult to evaluate the ef- 
fect of hybridization. To avoid this diffi- 
culty I have used an internal structure 
of the male genitalia to illustrate the ef- 
fect of hybridization. This structure is 
called the penisfilum and consists of a 
watchspring-like extension of the gono- 
duct from the aedeagus. The difference 
between the structure found in vario- 
larius and that in servus is one of length, 
as shown in the upper left corner of 
chart 1. Although its length varies con- 
siderably within each species, there is a 
clear gap between the two which is not 
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known to be bridged by any specimens 
collected in the field. 

Chart 1 shows the results of measure- 
ments taken from males of variolarius and 
servus collected at various localities in the 
United States, from males of my labo- 
ratory colonies of both species, and from 
populations of successive generations of a 
hybrid strain descendent from one hybrid 
female backcrossed to servus. The meas- 
urements from each population are pre- 
sented as a band showing expected varia- 
tion based on the standard deviation of 
the sample studied. Since the samples are 
not of equal size, the standard errors of 
the means on which the standard devia- 
tions are based are variable, ranging from 
0.12 for the parent colony of variolarius 
to 1.5 for the F, first backcross to vario- 
larius. In no case does the possible error 
from this source materially affect the 
trend of variation as shown on the chart. 
It is clear that the length of the penis- 
filum in the hybrid strain is intermediate 
between the lengths characteristic of vari- 
olarius and servus. The range of vari- 
ability, as shown by the standard devia- 
tions, is greater in hybrid populations 
than in the parent colony of either species. 
In fact, this variability in the hybrid 
populations approaches that of the pure 
species as represented by a sample taken 
from various localities throughout the 
United States. 

The feature of intermediate inheritance 
is further illustrated by the backcrosses 
near the close of the series ending with the 
F, third backcross to servus, in which the 
mean length approaches that of the par- 
ent colony of servus and the hybrid an- 
cestry is apparent only because of the un- 
usually large variation found in the popu- 
lation. To some degree all the characters 
in which variolarius and servus differ show 
the same kind of intermediate inheritance 
in hybrid populations as that illustrated 
by the length of the penisfilum. However, 
in external appearance F; backcross prog- 
eny so closely resemble the predominant 
species that the hybrid ancestry of most 
specimens would escape the notice of even 
the most experienced taxonomist. 

From the literature on interspecific 
hybridization, supported by the results 
of my crossbreeding experiments, I pre- 
sent the following generalizations: 

1. Since fertile interspecific hybrid 
populations can be developed in the lab- 
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oratory, we can infer that they may also 
occur in nature. Nature has time, space, 
and sufficient variability of climatic con- 
ditions to permit natural duplication of 
any such experiment that we can perform 
in the laboratory. To say that such a 
phenomenon is restricted to the labora- 
tory is to assert that basic principles gov- 
erning life in nature are different from 
those in the laboratory. The problem is 
one of probability, and although the ex- 
perimenter cannot create principles in the 
laboratory he can manipulate probability. 
Normal probability will account for the 
frequency of all combinations in a game 
of cards. However, an accomplished card 
shark can, through manipulation, obtain 
desired combinations with much greater 
frequency than the player who relies upon 
normal probability. The laboratory ex- 
perimenter stacks the deck in an analo- 
gous manner. 

2. If there is no valid reason for doubt- 
ing the existence of hybrid populations 
in nature, the taxonomist should consider 
this possibility when he tries to evaluate 
an intermediate population. In other 
words, in addition to the alternatives of 
species and subspecies, we should add 
hybrid. 

3. In view of the number of successful 
crosses in Drosophila, Culicidae, Lepi- 
doptera, Pentatomidae, we should begin 
to think of hybridization as a means of 
breeding new and superior strains of para- 
sites and predators. No doubt some prog- 
ress in this direction could be made 
through selection within species, but 
hybridization can make it possible to 
introduce a desirable character from one 
species into another so that an ill-adapted 
parasite or predator may become a more 
efficient agent in the control of a pest 
species. Without question there are 
serious obstacles to such a program, but 
most of them can be overcome if there is 
sufficient knowledge of the behavior and 
ecological requirements of the species con- 
cerned. Plant geneticists have overcome 
many of the same difficulties. We may ad- 
mit that animal behavior is more complex 
than that of plants, but this is no reason 
for assuming that superior strains of 
beneficial insects cannot be produced 
through application of similar techniques. 
Man has been able to domesticate many 
animals and modify their structure and 
behavior to suit his need or fancy. In dogs 
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it is almost certain that several species 
were involved. 

In recent years we have had a lesson in 
just how versatile and resourceful our 
insect enemies can be. They have met one 
after another of our powerful new insecti- 
cides and, after suffering what often ap- 
peared to be catastrophic losses, have 
returned to renew their threats to our com- 
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fort or economy. There is ample evidence 
that biological control must hold an im- 
portant position in our struggle against 
insect pests, and a breeding program in- 
volving the use of hybridization tech- 
niques seems to offer great promise as a 
means of outmaneuvering at least some 
of them. 


LITERATURE CITED 
Clarke, C. A., and P. M. Sheppard. 1953. Further observations on hybrid swallowtails. Ent. Rec. and 


Jour. Variation 65(9): Suppl., 12 pp. 


Foot, K., and E. C. Strobell. 1914. Results of crossing Euschistis variolarius and Euschistus servus with 
reference to inheritance of an exclusively male character. Linn. Soc. London, Jour. Zool. 32: 


337-73. 


Patterson, J. T., and W. S. Stone. 1952. Evolution in the Genus Drosophila. 610 pp., 74 figs., 109 ta- 


bles. Macmillan. 


Wigglesworth, V. B. 1953. Hormones and the development of hybrid Lepidoptera. Ent. Rec. and Jour. 


Variation 65: 244-5. 





Hybridization among Mosquitoes and Its Possible Relation 
to the Problem of Insecticide Resistance 


Luoyp E. Rozesoom! 


It is somewhat questionable as_ to 
whether a discussion of hybridization 
among mosquitoes has a place on this 
symposium, inasmuch as I know of no 
work that has been done on the inheri- 
tance of resistance to insecticides by these 
insects. My interest in hybridization be- 
tween populations of mosquitoes has 
grown out of my earlier taxonomic studies 
and field experience, when it appeared to 
me that in order to understand more 
clearly the biology and the importance of 
mosquitoes as vectors of disease, it was 
necessary to think of these insects in 
terms of populations rather than as 
sharply divided, morphological species. 

This is not the place for a comprehen- 
sive review of the work that has been done 
on mosquito genetics. Recently I have 
had an opportunity to examine such a 
review, prepared by Dr. James B. Kitz- 
miller. Even though comparatively little 
work has been done on mosquito genetics, 
the fact that Dr. Kitzmiller’s manuscript 
contains over 150 pages shows that in 
our present discussion we shall not be able 
to do justice to the subject. As my con- 
tribution to this symposium I shall pre- 
sent certain problems involving specia- 


tion among the mosquitoes and some of 
the results we have obtained in our efforts 
to solve them; secondly, I shall illustrate 
the mechanisms of inheritance among the 
mosquitoes; and thirdly, I shall make 
some suggestions regarding the possible 
significance of these two aspects of mos- 
quito genetics to the problem of insecti- 
cide resistance. 

PROBLEMS IN SPECIATION AMONG Mos- 
quiTors.—It is necessary to refer first 
to the Anopheles maculipennis complex, 
which has been studied more thoroughly 
than any other group of mosquitoes. 
From the earlier work of Hackett, Missi- 
roli, and others we know that what once 
was thought to be one or two species, is 
actually a group of at least seven species 
and subspecies. The cytological studies 
now being conducted by Dr. G. Frizzi 
suggests that in turn at least some of 
these species may be comprised of geneti- 
cally distinct populations. Frizzi (1951) 
found that individuals of Anopheles mes- 
sae from various sampling stations in the 
Province of Pavia might show a standard 
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arrangement for the X chromosome, or 
“a very extensive and complex arrange- 
ment.” The former arrangement was 
encountered more frequently in_ hilly 
regions, and the latter in the flat lands of 
the Po valley. It is interesting to note 
that Frizzi could find only a few naturally 
occurring heterozygotes, and suggested 
that sexual isolation might be a mecha- 
nism for keeping the two populations 
separated. 

In North America there are five species 
which we consider as belonging to the 
maculipennis group. Of these, Anopheles 
quadrimaculatus, freeborni and aztecus 
have been colonized in the laboratory. 
Cross breeding experiments carried out 
by Dr. Ralph Barr have shown that there 
are distinct genetical barriers between 
these species, and that aztecus and free- 
borni are more closely related to one an- 
other than they are to quadrimaculatus. 
In a series of mating selection experi- 
ments, we obtained more conspecific than 
interspecific inseminations, except in the 
aztecus X freeborni combination, in which 
the freeborni males inseminated essen- 
tially the same numbers of both species 
of females (Rozeboom 1953). We may con- 
clude therefore, that these mosquitoes 
represent distinct species, and that free- 
borni and aztecus are more closely related 
to one another than they are to quadri- 
maculatus. Much remains to be done on 
this complex in North America. The rela- 
tionship of A. earlei and occidentalis to one 
another and to the first three species 
should be determined through hybridiza- 
tion experiments. It would be especially 
interesting to study populations within 
each species from various regions to de- 
termine whether there may be chromo- 
somal differences such as those observed 
by Frizzi in the European forms. 

There are several populations belonging 
to the Culex pipiens complex, the system- 
atic positions of which are confused. C. 
pipiens has a holarctic distribution; and is 
also supposed to be present in East and 
South Africa; C. quinquefasciatus (=fati- 
gans) is found throughout the tropics and 
subtropics; and C. molestus has a scat- 
tered distribution in North America, 
Europe, North Africa, and Australia. In 
addition, there are certain populations 
which seem to be intermediate between 
pipiens and quinquefasciatus, as for ex- 
ample, C. pipiens pallens of the Orient. 
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We believe that we are dealing here with 
subspecific populations. We have shown 
in our laboratory that hybridization be- 
tween North American pipiens, quinque- 
fasciatus, and molestus occurs readily, 
and that hybrid populations can be main- 
tained indefinitely without loss of vigor. 
We have been unable to find any physio- 
logical difference which would explain 
why, in North America, pipiens has a 
northern and quinquefasciatus a southern 
distribution. It seems likely that in the 
middle portion of the United States 
where the ranges of these two forms over- 
lap, there may be considerable hybridiza- 
tion. Yet in general, these populations 
appear to maintain their identities in 
nature. There is a small difference in the 
structure of the male terminalia of quin- 
quefasciatus which distinguishes this form 
from pipiens and molestus, and molestus 
is unique in its ability to lay eggs without 
having taken blood meals. Therefore, in 
the absence of any demonstrable genetic 
barriers, we were especially interested in 
determining whether barriers to cross- 
mating might prevent indiscriminate in- 
termingling of these forms in their nat- 
ural environments. The results of our 
mating selection experiments (Rozeboom 
& Gilford 1954) have led us to conclude 
that the sexes of a given population are 
unable to recognize one another. There 
were, however, considerable differences 
in sexual activity; under identical lab- 
oratory conditions molestus was by far the 
most active, pipiens was least, and quin- 
quefasciatus was intermediate. There was 
even a small difference between two 
strains of quinquefasciatus. It seems possi- 
ble that although individuals within a 
population cannot recognize their own 
kind, differences in sexual activity might 
be a means of preventing complete blend- 
ing in those areas where the ranges of two 
or more of the populations overlap. How- 
ever, I do not believe that the results of 
these experiments warrant the conclusion 
that these populations are of more than 
subspecific status. 

As an illustration of the complexity of 
this problem, one should refer to the 
work that Dr. Von H. Laven has been 
doing at Hamburg. He has studied four 
populations of Culex molestus from Wes! 
Europe, three from North Germany, and 
three from South Germany. Whereas the 
populations within these regions are in 
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general interfertile, there are varying de- 
grees of sterility between those from dif- 
ferent regions (Laven 1953). Thus, where- 
as in Europe there are populations of 
molestus which appear to be separated by 
genetic barriers, and hence act towards 
one another as separate species, in North 
America molestus does not even seem to 
be specifically distinct from pipiens or 
quinquefasciatus. 

THE Aedes scutellaris CompLEX.—There 
are 18 species and subspecies within this 
group. The two which are of special inter- 
est to us are Aedes polynesiensis and A. 
pseudoscutellaris, as they are involved in 
the transmission of non-periodic filariasis. 
The widespread <A. polynesiensis was 
formerly called A. pseudoscutellaris; re- 
cently Marks (1951) showed that the 
typical pseudoscutellaris was present only 
in the Fiji Islands, and she named the 
form with the extended distribution A. 
polynesiensis. The morphological differ- 
ences between these two are very slight. 
Because of the similarity of the two forms, 
we were interested in determining whether 
hybridization between them was possible.” 

The material from which our Aedes 
polynesiensis colony was established was 
collected on American Samoa by Lt. Leo 
A. Jachowski. A. pseudoscutellaris eggs 
were obtained from the colony main- 
tained at the London School of Hygiene 
and Tropical Medicine, through the kind 
cooperation of Dr. H. S. Leeson. Cross- 
breeding experiments were carried out in 
1-cubic-foot screen-wire cages. The fe- 
males were fed on human blood; slices of 
apple were also placed in the cages as 
food for both the males and females. In 
setting up the hybridization experiments, 
about 40 males and 40 females were 
placed in each cage; one cage contained 
polynesiensis males and pseudoscutellaris 
females, another contained the reciprocal 
cross, and the third and fourth cages con- 
tained polynesiensis and pseudoscutellaris 
controls. Each adult pseudoscutellaris was 
examined microscopically for the presence 
of the characteristic white scales on the 
sides of the scutum before it was used in 
these experiments. Two hybridization ex- 
periments have been completed. 

The total numbers of hybrid progeny 
obtained are given in table 1. These data 
are presented to show that we experienced 
no difficulty in establishing vigorous 
hybrid colonies. In both experiments 
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Table 1.—Aedes ee pseudo- 














scutellaris: total numbers of hybrid progeny (two 
experiments). 

9 9 Poty.Xd7'c 9 2 Pseupo. Xoo" 

Psevupo. Poy. 

F; F; F; Fi F: F; 
Eggs 7129 9237 4995 1111 2512 «5115 
Larvae 738 3398 1046 228 1156 1464 
Pupae 587 1974 685 191 812 948 
Adults 2 9 357 410 = a2 90 317 27 
Adults oc" 185 782 $26 70 374 269 





these colonies were carried through the 
F; generation before they were discon- 
tinued. It should be pointed out that 
these figures do not represent the total 
numbers of individuals that could have 
been obtained. Only a few hundred of the 
eggs were set out to hatch, and many 
larvae and adults of each generation were 
removed for microscopic examination. 
The production of F,; eggs was lower in 
the 2 pseudoscutellarisX 3 polynesiensis 
cross. This was possibly due to the fact 
that the pseudoscutellaris females died 
more rapidly than did the polynesiensis 
females. No attempt was made in the 
first experiment to carry the control col- 
onies beyond the F; generation, but in the 
second experiment, when such an attempt 
was made, the pseudoscutellaris control 
colony actually died out after producing 
only 155 F, eggs, while the other three 
colonies increased in size. The hybrid 
adults of both crosses appeared to be as 
vigorous as were the polynesiensis con- 
trols. We have evidence that the F; hy- 
brid eggs of both crosses are less fertile 
than are those of the parent strains; from 
8.0 to 31 per cent of the F, hybrid eggs 
hatched, as compared with 60 to 87 per 
cent of the F; control eggs. The F: and F; 
hybrid eggs were 24 to 77 per cent fertile. 
Thus it is evident that Aedes polynesien- 
sis and A. pseudoscutellaris are capable 
of producing vigorous hybrid populations. 
Before we can be sure that they represent 
subspecies rather than species, it will be 
necessary to determine whether there are 
barriers other than genetic ones which 
will keep them apart in Fiji, where the 
two forms are said to coexist. 
MECHANISMS OF INHERITANCE.—It has 
been shown that the inheritance of some 
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characters is controlled by single recessive 
genes; these include pale coloration of the 
larvae and pupae of Culex molestus (Huff, 
1929; Ghelelovitch, 1950), white eye color 
of adult C. molestus (Gilchrist and Hal- 
dane, 1947), and susceptibility of C. 
molestus to Plasmodium cathermerium 
(Huff, 1929). Ghelelovitch concluded that 
the inheritance of abdominal spotting in 
“‘sternopunctatus” and ‘“‘sternopallidus’’ 
strains of C. molestus is complex and de- 
termined by several genes of unequal 
importance. Some workers have claimed 
that the autogeny may be dependent 
upon a single recessive gene, but pub- 
lished results do not support this con- 
clusion too well. The intermediate struc- 
ture of the terminalia of hybrids of C. 
pipiens and C. quinquefasciatus (Barr & 
Kartman, 1951) suggest that two or more 
genes are involved. 

Some interesting results have been ob- 
tained in crossing of Aedes aegypti with 
A. albopictus (Bonnet 1950, Down & 
Baker 1949, Toumanoff 1939). For the 
most part, hybridization was successful 
only in one direction, with female aegypti 
and male albopictus, and the progeny 
resembled the female parent. In his hy- 
bridization experiments with Culex mo- 
lestus, Laven (1953) was able to obtain 
fertile progeny when males from three 
populations from South Germany were 
crossed with females from three North 
German and four West European popula- 
tions; but hybridization in the other di- 
rection was largely unsuccessful. Tou- 
manofft (1950) and Laven suggest that 
the results of the A. aegyptiXalbopictus 
and C. molestus hybridizations could be 
explained on the basis of cytoplasmic 
inheritance. 

ResistaNce TO _ INsecticipEs.—For 
the purpose of completing this discussion, 
we would like to have some data on the 
mechanism of inheritance of insecticide 
resistance in mosquitoes. Unfortunately, 
no information seems to be available at 
present. Several species have become re- 
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sistant to DDT (Hess 1953), including 
certain populations of Culex pipiens; 
hence it might be possible to establish 
colonies in order to undertake studies on 
the inheritance of resistance. 

There is another aspect of hybridiza- 
tion studies with mosquitoes that merits 
attention. This work has shown that we 
are dealing with dynamic, not static 
populations. Through mutations and 
adaptations, these populations should be 
capable of adjusting themselves to en- 
vironmental changes. Species which have 
been especially susceptible to residual 
sprays in houses or other shelters, may be 
able to change their habits to avoid con- 
tact with the insecticide. We have some 
evidence that this actually may be occur- 
ring. In Panama, Trapido (1952) has 
found that Anopheles albimanus is again 
present in large numbers in the Chagres 
River Valley, although the houses are 
regularly sprayed with DDT. It seems 
that the adults are so irritated by DDT 
that they avoid lethal contact with 
treated surfaces. In Sardinia, a residual 
wild type population of A. labranchiae 
has resisted an intensive eradication cam- 
paign (Trapido & Aitken 1953). Even the 
highly domestic A. darlingi, which has 
been so susceptible to residual sprays in 
houses, seems to be composed of popula- 
tions, some of which, in the interior of 
South America, are not easily controlled 
with residual sprays in houses (Busta- 
mante 1951). 

Changes in habits, plus inheritance of 
resistance to insecticides, may lead to the 
formation of mosquito populations which 
will be very difficult to control, especially 
in those areas where great reliance is 
placed on household residual sprays. 
Therefore, we believe that continued re- 
search on the nature of mosquito species 
may not only contribute towards evolu- 
tionary theory but may also have prac- 
tical application in devising means of con- 
trol. 
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The Genetics of Resistance to DDT in 
Drosophila melanogaster’ 
James C. Kina, The Biological Laboratory, Cold Spring Harbor, New York 


Before undertaking the present project 
the author had been working with Dr. 
Bruce Wallace on the genetic behavior of 
populations under chronic irradiation 
(Wallace & King 1951, 1952; Wallace, 
et al. 1952) and quite naturally the prob- 
lem was viewed from the start as one in 
population genetics. The first step in the 
study of resistance to DDT in Drosophila 
is the building up of resistant lines which 
means selection for resistance. Selection 
itself is a population phenomenon for it 
means changing the gene frequencies in 
the selected line—increasing those which 
produce the character selected for and 
decreasing those that weaken or mask it. 
So the program was drawn up with a set 
of underlying assumptions to which we 
had been led by our work with the irra- 
diated populations. 

Every population quickly establishes 
its own integrated genetic system. Any 
gene or group of genes present in high fre- 
quency has this frequency because it fits 
well with the other genetic material in the 
population. It gives, on the average, good 
viable zygotes when the chromosomes in 


which it is found are combined at random 
with others in the population. The various 
elements of the gene-pool are co-adapted. 

The various co-adapted genetic ele- 
ments maintain a dynamic equilibrium. 
A directional change in the frequency of 
one requires compensatory changes in the 
frequencies of others. By such an adjust- 
ment a new equilibrium as adaptively 
satisfactory as the old one may be reached 
but more often the new equilibrium is un- 
stable or tends to shift back to the old one 
when the force producing the directional 
change—for example, artificial selection— 
is removed (Robertson & Reeve 1952, 
Reeve & Robertson 1952). This phenom- 
enon is what Lerner (1950) calls “‘genetic 
homeostasis” and Waddington (1953), 
“normalizing selection.”” Thus response of 
the population to selection is influenced 
not merely by the scarcity or abundance 
of a gene or group of genes capable of 
producing the phenotype sought but also 
by the genetic system itself which may 
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offer mild or intense resistance to an in- 
crease in the frequency of these genetic 
elements. 

Selection acts on individuals—zygotes 
—by differential elimination or the pro- 
duction of differential fecundity. Neither 
genes nor chromosomes are selected di- 
rectly. What are selected are pairs of 
chromosomes which give zygotes of the 
highest adaptive value. Hence those 
chromosomes are retained which have 
shown in past generations the highest 
probability of meeting, in the random 
combinations produced at fertilization, 
other chromosomes to which they are co- 
adapted (Dobzhansky 1950, Dobzhansky 
& Levene 1951). 

Since chromosomes are selected in 
pairs and two members of the pair are 
rarely identical, selection acts on hetero- 
zygotes and the behavior of any chromo- 
some in homozygous condition has little 
influence on its selective value. The 
phenotype of a zygote is a result of the 
interaction of its two sets of chromosomes 
and every pair of chromosomes gives a 
characteristic level of expression of each 
phenotypic element characteristic of the 
population. This is another way of saying 
that most phenotypic characters in any 
population are polygenically determined 
(Cf. Mather 1949). 

With these assumptions in mind a num- 
ber of pertinent questions were formu- 
lated. (1) What is the observable process 
by which a population acquires resistance? 
Is the change sudden or gradual? Does 
the mean of the mortality curve merely 
shift or does the shape of the curve also 
change? (2) Is this process the same for 
all strains of a given species? (3) What is 
the effect of the level or selective inten- 
sity? Does it make a difference whether 
one lops off the 95 per cent of the popula- 
tion which is least resistant or merely 
eliminates the least resistant half? (4) 
Will different selected lines stemming 
from the same original stock respond to 
the same type of selection in the same 
way or are there alternative genetic path- 
ways of arriving at the same level of re- 
sistance? (5) Will resistance decline if se- 
lection is relaxed? (6) What happens to 
resistance when different lines are crossed? 
e.g. a resistant by a susceptible or two 
resistant lines independently developed. 
In such crosses what will be the resistance 
of the F; and of subsequent generations? 
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(7) What are the facts with respect to 
cross-resistance? 

Marerrats AND Mertruops.—The ex- 
perimental program has been set up in 
such a way as to give a maximum of in- 
formation on these questions. Adult flies 
are treated with an aerosol of DDT dis- 
solved in tributyrin. The aerosol is pro- 
duced in a Vapo-nefrin glass nebulizer 
and led into a 1000 ml flask containing the 
flies. A 1 per cent solution is used and the 
dose is measured in minutes of exposure. 
At the end of the treatment an air stream 
is run through the flask for 1 minute to 
sweep out the aerosol. The flies are raised 
in half-pint milk bottles on a cornmeal- 
agar-molasses medium seeded with live 
yeast. Flies are shaken from the culture 
bottles on the thirteenth day after the 
eggs have been introduced and are stored 
in a new bottle containing medium for 24 
hours before treatment. Flies from five 
culture bottles totaling about 1000 are 
treated together. There is no etherization 
before treatment. After treatment the 
flies are shaken into 2-inch glass tubes, 
1 foot long, with gauze at the ends and a 
piece of photographer’s sponge soaked 
in medium suspended inside. The tubes 
are placed in a humidifier at 75 per cent 
humidity on an angle of 15 degrees and 
left for 24 hours. The live flies are then 
etherized by placing pads soaked in 
ether at the ends and the live and dead 
flies are counted. Five time-doses are used 
4’, 8’, 16’, 24’ and 32’. Ideally, each dose is 
repeated four times for each generation 
making a total of about 20,000 flies treated 
and 20 points on a mortality distribution. 

All the selected lines have been set up 
from one of two different original stocks— 
one an Oregon-R laboratory stock, the 
other wild stock established by about 20 
flies collected in a grocery store in Syosset, 
New York in July 1952. For the first year 
these stocks were maintained in mass cul- 
tures but since July 1953 they have been 
kept in cages where the population re- 
mains about 10,000. Originally 10 se- 
lected lines were established—four stem- 
ming from Oregon-R, six from Syosset. 
These were divided between three levels 
of selective intensity. At the highest level 
each generation is started by a single 
female which has survived a treatment 
where the mortality was above 95 per 
cent. At the intermediate level each gen- 
eration is started by 10 females from a 
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Fic. 1.—Graph showing LD® by generations and limits of the 95 per cent 
confidence intervals for SyS-1002 and control. 


treatment killing over 90 per cent. At the 
low level all the survivors of a treatment 
killing about 50 per cent are used as par- 
ents. Duplicate lines at the three levels 
were set up in the case of the Syosset 
flies; the high and the low level Oregon-R 
lines were also duplicated. Since 20,000 
flies are used to test one generation, it is 
impossible to run tests on every generation 
in the high and intermediate lines. Here 
the odd generation is untreated and is 
merely allowed to build up a population 
so that the even numbered generations 
can be treated. The parents of the gen- 
eration to be treated are kept in a small 
cage and the eggs produced are divided 
among culture bottles in such a way that 
they yield about 200 flies per bottle. 
Control treatments of the two unselected 
stocks are made continuously in order to 


provide paired comparisons with the se- 
lected lines. 
Resvutts.—Results have been analyzed 


using the Litchfield-Wilcoxon (1949) 
method of obtaining a regression line on 
a long probit plot from which one can read 
the LD and the slope factor (S) which 
is a measure of the standard deviation of 
the mortality distribution. These figures 
with the ranges of their 95 per cent con- 
fidence intervals are given in table 1. The 
statistical procedure is a rapid simplified 
method approximating the more cumber- 
some maximum-likelihood analysis. It 
undoubtedly makes some sacrifices of 
accuracy, but since the data themselves 
have high variances and are sometimes 
characterized by erratic fluctuations, this 
method of analysis probably gives us as 
much information as one is justified in 
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Table 1.—Tolerance for DDT of ten selected lines and two 
melanogaster by generations and time periods, respectively. 
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! LDso (mean tolerance) in minutes of exposure to aerosol of 1 per cent solution of DDT in tri-n-butyrin. F ; 
2 The slope factor is the antilog of the reciprocal of the slope of the regression line; it expresses the fold change in dose required to 
produce a unit standard deviation change in response along the regression line. 
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Fic. 2.—Regression lines on log-probit plot for mor- 
tality distributions of F; and F, of a cross made re- 
ciprocally between SyS-1001 F14 (resistant) and un- 
selected Syosset. X1-SyS-1001 9 9 XIR-Sy 9 9. 


distilling from the data. One should keep 
in mind that neither the estimates nor 
their confidence limits can be regarded as 
having inspired precision. 

Inspection of the table brings out a 
number of interesting facts. There is no 
significant difference in resistance be- 
tween the two unselected stocks. The 
Oregon-R selected lines show no measur- 
able response to selection and for this 
reason the two duplicate Oregon-R lines 
were discontinued at generations 16 and 
18. Two of the Syosset lines have un- 
questionably developed resistance. SyS- 
1001 and SyS-1002 at generations 21 and 
20 have LDs’s of approximately 20’— 
about 23 times that of the control. These 
lines are carried at the low level of selec- 
tive intensity. The data for SyS-1002 and 
the Sy control are shown graphically in 
figure 1. The Syosset lines carried at higher 
levels have not responded to the same 
degree; in fact their differences from the 
control are not statistically significant. 
They do, however, give rather consist- 
ently higher LD5o’s indicating an increase 
in resistance on the border line of our 
precision of measurement. The lines 
carried at the intermediate level show 
more evidence of response than those 
carried at the highest. 

Two reciprocal crosses have been made 
involving resistant lines. One between 
SyS-1001 F14 and Syosset (X, SyS-1001 
females, X1R Sy females) gave in F, 
LDso’s of 12.5 and 13.6 respectively. 
These are about midway between the 21 
and 8 of the parent strains. In the F; both 
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LDso’s had dropped to 7.0 which is not 
significantly different from the unselected 
stock. In the second cross made between 
SyS-1001 F18 and SyS-1002 F17 (X2 SyS- 
1001 females, X2R SyS-1002 females) the 
LDs5o’s in the F; were 20.7 and 20.1, re- 
spectively, not significantly different from 
the parent strains. But in this case also the 
LDy5o’s of the F, dropped drastically to 
9.4 and 10.6. What is even more interest- 
ing—in both crosses the slopes of the re- 
gression lines shifted strikingly from F; to 
F, and in the same direction, indicating 
a greater variance or flatter distribution 
in the F,. These data are shown graphi- 
cally in figures 2 and 8. 

Discussion.—On the basis of the data 
accumulated some generalizations can be 
made. Resistance increases slowly under 
selection. Different stocks respond differ- 
ently. The evidence is very strong that 
the character is polygenic, i.e., deter- 
mined by a large number of interacting 
genes. It builds up in the population by 
slow increments. A low level of selective 
intensity is as effective, if not more so, 
than a high one. This indicates that in 
order to build up resistance one must 
maintain the genetic variability of the 
population at a high level. If resistance 
were produced by one or two genes of 
major effect, this would not be the case. 
This is not to say that in certain species 
or even in certain strains of Drosophila 
melanogaster such genes may not exist. 
They have not been found in the strains 
used and resistance can be built up in 
their absence. 
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Fic. 3.—Regression lines on log-probit plot for mor- 
tality distributions of F; and F;, of a cross made recip- 
rocally between SyS-1001 F18 and SyS-1002 17 
(both resistant) X2-SyS-1001 9 9 X2R-SyS-1002 
99. 
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But the most striking evidence for the 
polygenic nature of resistance lies in the 
behavior of the F, of the cross between 
two resistant lines. Here the sharp drop 
in the LD,5o and the greater variance of 
the distribution can hardly be explained 
without concluding that a large number 
of factors are segregating. The two lines 
stemming from the same stock and having 
been driven by selection to the same level 
of resistance must have picked out differ- 
ent genetic combinations. For when they 
are crossed, we observe in the F, a dis- 
tribution of the phenotypic character 
which has a greater variance than it had 
in either line or even in the unselected 
stock. 

Thus we can at this point give some 
partial answers to the questions raised in 
planning the program. The work is being 
continued and, we hope, future data may 
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~~ us further insight into the prob- 
em. 

SummMary.—A program of building 
lines of Drosophila melanogaster resistant 
to DDT has been carried through some 
20 generations, treating adults by the 
aerosol method and breeding the survivors. 
Two different stocks have been used and 
lines have been distributed among three 
levels of selective intensity. One stock 
has shown no response; the other has de- 
veloped increased resistance which is 
greatest at the lowest (50%) level of se- 
lective intensity. The LDs5o in two lines is 
between two and three times that of the 
control. Two crosses between different 
lines have given F,’s intermediate in re- 
sistance and F;,’s of lower resistance and 
greater variance that the F,’s. All the evi- 
dence indicates a complex polygenic sys- 
tem of genetic factors. 
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307. 


Analysis of a DDT-Resistant Strain of Drosophila’ 


James F. Crow, Department of Genetics, University of Wisconsin, Madison 


Earlier in this symposium Dr. King 
has reported on a study of the increase in 
DDT resistance in Drosophila under con- 
trolled conditions of laboratory selection. 
In our study the resistant strain was ob- 
tained by growing the flies in a population 
cage with varying intensities of selection 
in an attempt to duplicate to some extent 
the conditions under which a strain de- 
velops resistance in nature. This article 
is concerned with the genetic analysis of 
a strain obtained in this manner. 

DEVELOPMENT OF DDT-REsiIstaNnt 


Srrains.—The selection took place in 
Teissier-type population cages with inside 
dimensions about 16125 inches. (For 
a detailed description of this type of cage, 
see Wright & Dobzhansky 1946.) Each 
cage held 15 food-containing pans which 
were arranged so that they could be re- 
moved and replaced individually without 
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an appreciable escape of flies. The pans 
were removed periodically in rotation and 
replaced with new ones containing fresh 
food, thus insuring a continuous food sup- 
ply. Such a cage maintains a population 
of several thousand flies. 

The selective agent was DDT applied 
to the inside surface of the cages. This re- 
sulted in the death of a large proportion 
of the adult flies, but after a few weeks 
the numbers were back up to the previous 
level. Then a higher concentration of 
DDT was added and so on for a period of 
about 3 years. The intervals between 
successive applications and the concentra- 
tions employed were studiously variable, 
the idea being to simulate nature more 
closely in this way. Temperature varied 
from 22 to 25° C. 

The initial flies put into the cages were 
a heterogeneous mixture of wild Dro- 
sophila stocks and laboratory mutants to 
provide as wide a genetic base as possi- 
ble for future selection. Within a very few 
generations mutants were no longer found, 
with two exceptions: (1) a cinnabar eye 
mutant persisted several months in one 
control culture, and (2) a forked bristle 
mutant was maintained for a_ similar 
period in the second selection cage. These 
mutants have been incorporated in the 
two stocks in the homozygous condition 
and serve as useful tools for the detection 
of contaminations with other flies or 
other experimental errors. Neither has 
any detectable effect on DDT resistance. 

Testing Procepures.—All the data 
included in this report were obtained by 
testing 4-day-old adult flies. They were 
grown on a standard culture medium 
containing sugar, agar, yeast, peptone, 
cornmeal, and salts in half pint milk 
bottles. The flies to be tested were re- 
moved from their culture bottles daily 
so that every fly was less than 24 hours 
old, and were stored in fresh bottles for 
3 days. On the third day the males and 
females were separated and were stored 
in groups of 20 of a single sex in shell vials. 
The following day the flies were tested 
with the insecticide. The only time that 
any fly was narcotized was at the time 
of separation of the males and females, 
at which time they were etherized. 

The testing chambers consisted of shell 
vials in which a piece of DDT-treated 
filter paper had been inserted so as to 
cover the inside surface, except for the 
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bottom and the cotton plug. (Special 
experiments showed no detectable differ- 
ence in the mortality when these areas 
were also covered with DDT-treated 
paper.) The flies were shaken from their 
storage vials into the test vials, left for a 
specified period of time, and put back in- 
to food vials. Mortality counts were made 
24 hours later. During the entire period 
of treatment and recovery, the flies were 
kept at 25° C. and about 65 per cent rela- 
tive humidity. The DDT used was a 
purified product kindly supplied by E. 
I. du Pont de Nemours. 

The filter papers were prepared by 
dropping a fixed amount of acetone solu- 
tion uniformly over the area of the paper. 
The same total volume of solution was 
used in each case, variation in deposit 
being determined by varying concentra- 
tions of the DDT solution. The tests 
involved 14 concentrations, each twice 
the preceding, and ranging from 0.6 to 
5120 gamma/cm.* of filter paper area. 
With a few exceptions the tests at all 
concentrations were run at one time on 
each group of flies to be compared. The 
entire experiment was replicated from 5 
to 8 times, so that 100 to 160 flies were 
tested at each concentration and time. 
This procedure should help prevent con- 
founding of uncontrolled temporal varia- 
tions (of which there were many) with 
treatment or strain effects. 

Tests were made on both sexes of flies. 
At all times and at all concentrations the 
females were uniformly more resistant. 
The data reported here are all from fe- 
males, for two reasons: (1) the females 
seemed to give slightly more reproducible 
results, and (2) in subsequent tests in 
which chromosome makeup is studied, 
the females lend themselves to a neater 
analysis because of having the same num- 
ber of X chromosomes as autosomes. 

Dosage Morrauitry RELATIONS IN 
REsISTANT AND CONTROL STRAINS.—The 
first detailed comparison of the control 
strain and the strains from the two DDT 
treated cages was made after the cages 
had been in operation for 6 months. As 
can be seen from figure 1, the flies that 
had been in the cages had changed con- 
siderably in their DDT resistance. The 
selection for resistance in the two cages 
led to no detectable differences, so the 
data shown in figure 1 represent the pooled 
results from the two cages. 
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Fig. 1.—Dosage-mortality curves for 24-hour ex- 
posure of the control strain, the resistant strain after 
6 months of selection, and after 3 years of selection. 
The concentration is the amount of DDT per square 
centimeter of filter paper. Data on females only. 
Control ———, 6 months — - -, 3 years - 


In this figure are also shown the re- 
sults after 3 years of selection. The most 
striking feature of these curves is the slow 
rise in mortality with a tremendous in- 
increase in concentration. In all three 
strains there is very little change in mor- 
tality over a concentration change of 
several hundred fold. Measured in terms 
of LDso the selected strain after 3 years 
requires about 2000 times as much DDT 
as does the control strain. 

Figure 2 shows data from the same three 
strains, but with 6-hour exposure to DDT 
instead of 24 hours. Here there is a sharp 
difference between the three strains as 
before, but the dosage-mortality curve is 
much steeper and more typical. The 
LDs’s of the control and highly resistant 
strain differ by a factor of only about 
6 rather than the factor of 2000 in the 
24 hour test. 

This is a striking illustration of the 
fact that the relative resistance of two 
strains of insects may depend on the way 
the measurements are made and be great- 
ly different with different methods. In this 
case only the time of treatment and con- 
centration were different. A statement 
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that one strain is so many times as resist- 
ant as another thus means very little un- 
less the conditions under which the com- 
parison was made are specified. 

On either scale the resistance changed 
about as much in the first 6 months of 
selection as in the next 3 years. This sug- 
gests that a considerable portion of the 
heritable variability was used up in the 
early part of the selection program. 

TorrtcaL TREATMENTS.—Because of its 
small size Drosophila has been difficult 
to treat topically. However 1 microliter 
drops of acetone are not lethal to the fly 
and it is possible to get reasonably re- 
producible results by using a topical treat- 
ment of this size. The LD50’s were as 
follows: control males, .018 y; resistant 
males, .073 y; control females, .030 y; 
resistant females, .127 y. Thus the results 
from topical treatments show a ratio of 
LDs5o’s of about 4:1 in the resistant and 
susceptible strains, being comparable to 
the short time treatments with filter pa- 
per. 

REsIsTANCE OF F, And F, Hysrips.— 
Tests were made of the resistant strain 
selected for 3 years, the control, the F; 
hybrids, and the F, at 3, 6, 12, 18 and 
24 hours. Figures 3, 4, 5, 6, and 7 show the 
dosage mortality curves for each of these. 
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Fie. 4.—Dosage-mortality curves for 6-hour treat- 
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Fic. 5.—Dosage-mortality curves for 
12-hour treatment. 


Each point on the curves is based on 100 
to 200 flies tested in groups of 20 as de- 
scribed previously. However, the uncon- 
trollable fluctuations are large enough that 
only general trends can be regarded as 
meaningful. 

These figures show the transition in 
general shape of the dosage-mortality 
curve as the time of ‘reatment is varied. 
At short times (3 and 6 hours) the curves 
are fairly typical dosage-mortality curves 
with a steep slope. The hybrids are some- 
what nearer the resistant parent, indicat- 
ing some potence of the resistance factors. 
At 12 hours there is the beginning of a 
curve with a low slope. A concentration 
increase of about 1000 fold is required to 
go from a 5 per cent to a 95 per cent kill. 
The resistant parent again shows greater 
potence. The 18 and 24 hour curves show 
the tremendous difference in LD5o in 
the two parents, due to the shape of the 
curve. The F; and F, are much nearer the 
resistant parent. As would be expected, in 
most cases the F, is nearer the mean of the 
two parents than the F;. This suggests 
that there is some average dominance of 
factors for resistance. 

The foregoing data suggest that resist- 
ance is polygenic, but offer no definitive 
evidence. However, an analysis using 
genetically marked chromosomes has con- 
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Fic. 6.—Dosage-mortality curves for 
18-hour treatment. 
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Fic. 7.—Dosage-mortality curves for 
24-hour treatment. 


firmed this. A discussion of some of the 
consequences of a polygenic mode of in- 
heritance has been given previously (Crow 


1952). 
ArE Two Processes INVOLVED IN 
ReEsIsTANCE AT HicuH AND Low Con- 


CENTRATIONS?—The different character 
of the curves for long time (18 and 24 
hour) treatment as compared with those 
for short time (3 and 6 hours) suggests 
that different processes may be involved 
in the resistance under the two condi- 
tions. Perhaps the genetic factors in- 
volved in long time low concentration 
resistance are different than those for 
resistance at short time and high concen- 
tration conditions. If so, they should be 
separable. 

The fact that the ratio of LDs0’s in 
the resistant and control strains is over a 
thousand for long time treatment but 
less than 10 for short time is inline with 
this interpretation, since the selection 
in the cages where the flies were exposed 
for their entire adult lives would be much 
more comparable to the long treatment. 
Thus one might expect a higher level of 
resistance when measured under these 
conditions. 
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To test this hypothesis, a non-resistant 
strain was divided into two groups and 
each was selected for resistance. One 
group was exposed for 3 hours and the 
other for 24 hours in the program of selec- 
tion. Following a few generation cycles 
of selection a moderate resistance had been 
attained. The flies were then cross tested, 
each group being tested at 3 hours and 
at 24 hours. Those selected at 24 hour 
were just as resistant in the 3 hour test 
as those selected at 3 hours, and vice ver- 
sa. (Griggs, unpublished.) 

Therefore, it appears likely that the 
phenomenon observed in all this study 
is an intrinsic property of the dosage- 
response relationship of DDT effect in 
Drosophila, and that there are not sepa- 
rate genetic factors for resistance to long 
and short time treatments. 

REVERSION TO SUSCEPTIBILITY.—An 
important question, both from theoretical 
and practical standpoints, is: Does a 
resistant population tend to become 


susceptible again when the selective agent 
is removed, and if so, how fast? If it were 
to be true that DDT-resistant flies re- 
turn to susceptibility after a few genera- 


tions in the absence of DDT it would 
point the way to the possibility of control 
of insects by intermittent or alternate use 
of insecticides. 

Since the original population was not 
resistant to DDT, one must assume that 
the genes which result in DDT resistance 
were not initially advantageous—other- 
wise the population would already have 
been resistant. These considerations sug- 
gest that a population which has become 
resistant will again become susceptible 
when the DDT is removed, but they af- 
ford no idea whatsoever as to the rate at 
which this might occur. One can not make 
any estimate unless he knows how harm- 
ful the resistance factors are in the ab- 
sence of the poison. 

There is also the possibility that as 
resistance factors increased in the course 
of selection, modifying genes improving 
the viability of the resistance factors were 
also being accumulated, so that a stabiliz- 
ing coadaptation would occur. 

We carried out one test to determine 
whether our resistant strains would tend 
to become susceptible again when left 
without DDT. Periodically during the 
course of selection a sample of flies was 
removed’ and carried as a regular stock 
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with no further contact with DDT. The 
stock which was selected 6 months for 
resistance was recently retested after a 
3 year absence from DDT. The results 
are shown in figure 8. 

Various authors have reported diver- 
gent results in this kind of experiment. 
Some have found rapid rates of reversion, 
and have shown that resistant insects are 
at a distinct selective disadvantage in the 
absence of the insecticide due to longer 
life cycle or other causes. Others have re- 
ported results such as ours. There is no 
reason to think that reversion rates should 
be the same in all stocks. In general selec- 
tion for resistance, such as was carried 
out in our experiments and in nature 
where the insects are also exposed to 
strong selection for high viability and 
fertility in addition to resistance, would 
be expected to lead to strains with slow 
reversion. On the other hand laboratory 
experiments in the absence of natural 
selection would tend to accumulate some 
factors which increase insecticide resist- 
ance but are otherwise harmful, and would 
be expected to revert rapidly in the ab- 
sence of the insecticide. 

Aside from a possible slight effect show- 
ing at high concentrations in the 24 hour 
treatment, there was no difference in the 
flies immediately after 6 months of selec- 
tion and 3 years later. The curves for 6 
hour treatment are almost identical. That 
there was considerable genetic variabil- 
ity in the stock is shown by the fact that 
continued selection for DDT resistance 
resulted in continued increase in resist- 
ance. Thus the stability can not be due 
entirely to the genes being “fixed” by 
homozygosity. This means that the selec- 
tive disadvantage of DDT resistance fac- 
tors (in the absence of DDT) must be 
very slight, or that there has been some 
stabilization due to coadaptation. We 
hope to try to distinguish between these 
two hypotheses in future experiments. 

Summary.—A resistant strain of Droso- 
phila has been developed by adding suc- 
cessively increasing amounts of DDT to 
the walls of the cage in which the flies 
were grown. When tested by exposure to 
DDT-treated filter papers for long times 
(18 to 24 hours) at relatively low concen- 
trations, the resistant strain had an LDs5 
about 2000 times that of the susceptible. 
On the other hand, when the tests were 
made at higher concentrations the dif- 
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ference in LDs5o’s was only about six-fold. 
The striking difference in the two sets of 
results does not appear to be due to dif- 
ferent sets of genetic factors coming into 
effect in resistance at different times and 
concentrations, since selection by means 
of 3-hour and by 24-hour exposures led 
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Factors affecting insect abundance are 
the primary concern of every field ento- 
mologist as the best methods of utilizing 
beneficial species or of controlling pest 
species can rarely be devised without a 
knowledge of the principles that underlie 
the fluctuations in the populations con- 
cerned. A substantial body of fact and 
philosophy bearing on these principles has 
been amassed and we are better prepared 
than ever before to undertake their fur- 
ther clarification. The subject cannot be 
adequately reviewed in one short paper. 
However, some salient features are dis- 
cussed under “‘Working Concepts,” “Ex- 
amples from Current Work,” and “Lines 
of Emphasis in Future Research.” 

WorkinG Concepts.—Nature func- 
tions as an indivisible complex in which 
no species of plant or animal exists in 
total isolation and no factor, physical or 
biotic, operates in complete independence. 
We cannot, therefore, divorce the broad 
ecological relationships of insects from 
the discussion of factors affecting their 
abundance. These broad relationships are 
reviewed in reference to primary habitat 
and taxonomic units, factors, balance of 
nature, and outbreaks. 

Primary units.—Ecologists have long 
recognized the existence of a wide va- 
riety of plant and animal associations, and 
the term ecosystem (Tansley 1935) has 
been given to the complex of organisms 
and physical factors that together form a 
more or less distinct natural community. 
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Examples of major ecosystems are: a 
woods, a meadow, a lake, a sand dune 
area. Such systems, of course, are not 
mutually exclusive since, for example, a 
species of insect, in its different develop- 
mental stages, may inhabit different com- 
munities, and predators may range widely 
through several such areas. In general, 
however, interrelations are stronger with- 
in ecosystems than between them and it 
is concluded by Elton (1949) that the 
minor habitats of an ecosystem form the 
primary habitat units for animal com- 
munities. Such minor habitats are repre- 
sented by a tree, a group of shrubs, a glade 
in a woods, or a grassy hummock. 

This primary habitat unit can readily 
be linked in our thinking with the pri- 
mary taxonomic unit. Modern system- 
atists (Mayr 1942, Mayr et al. 1953) re- 
gard all taxonomic categories, including 
the species and the subspecies, as hetero- 
geneous, each being an assemblage of par- 
tially isolated local populations that are 
distinct genetically and therefore fre- 
quently distinguishable physiologically 
and morphologically. The population and 
not the species is recognized today as the 
basic taxonomic unit. The spatial arrange- 
ment of these populations differs for dif- 
ferent species, but in general a minor 
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habitat is occupied by a single population 
of each species represented in it. 

Each natural community, or ecosystem, 
is thus composed of a complex of smaller, 
interlocking, dynamic systems: biological 
systems (within the organisms) interact- 
ing with one another and with the multi- 
phased physical system that surrounds 
them. It is this web of interrelations that 
controls insect abundance. 

Factors.—The factors that comprise this 
co-ordinating web may include quantities 
of energy in the form of light, heat, mois- 
ture, food, disease organisms, parasites, 
competitor species, etc.; environmental 
niches or inherent development and _ be- 
havior patterns that confer various de- 
grees of protection against such forces; 
and even man-made components such as 
insecticides. The importance of any given 
factor varies with time, place, species, 
stage of development, etc., i.e., its im- 
portance varies in relation to other factors 
that are concurrently active. It is not the 
individual factor, therefore, but the whole 
complex of factors that controls popula- 
tions; and equive alent changes in insect 
abundance may arise from several differ- 
ent expressions of this complex. 


Even though the factors function as a 
complex, certain of them may have a 
predominating influence on a population 
at a given time or place. Physical factors 
such as climate, weather, and space exer- 


cise an all-pervading effect: (1) by de- 
termining, in the absolute sense, w hat or- 
ganisms can exist in a habitat; and (2) by 
affecting thresholds of activity and other 
biological behavior and thus influencing, 
often decisively, the importance of biotic 
forces. Nevertheless, when climatic con- 
ditions favor population increase, such 
biotic factors as predators, disease, and 
food supply may determine the upper 
levels of density attained. 

Since the physical and biotic factors 
(sens. lat.) together comprise the whole 
ecosystem, it follows that when one set 
of factors predominates the other is con- 
respondingly reduced in importance. 
Howard & Fiske (1911), followed by 
Nicholson (1933) and others, stress biotic 
factors, more specifically insect parasites 
and predators, as the principal, if not the 
only, regulators of the density of insect 
populations; Bodenheimer (1928), and 
later Uvarov (1931), attribute fluctua- 
tions in insect numbers primarily to the 
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influence of climatic factors. Thompson 
(1929) sums up the importance of physical 
in relation to biotic factors as greatest in 
polar regions, deserts, and other barren 
places where physical conditions are un- 
favorable to life; and least in tropical rain 
forests and places where physical condi- 
tions tend to be uniformly favorable and 
life most abundant. Following this line 
of thought we may add that in an area 
occupied by an insect species physical 
factors probably exert a greater influence 
in the periphery, where population density 
is low, than in the optimum portions, 
where density is high. 

These observations obviously relate to 
processes in the ecosystem that vary 
with changes in the density of the popula- 
tion itself. Smith (1935) describes as 
density-dependent mortality factors those 
components that destroy an increasing 
proportion as the population density in- 
creases as, for example, in many host- 
parasite relationships; and he describes 
as density-independent mortality factors 
those whose effect is not related to popu- 
lation density as, for example, excessive 
heat or cold, drought or rain. In general, 
biotic factors are regarded as mostly 
density-dependent and physical factors as 
mostly density-independent; but various 
combinations occur, further emphasizing 
the essentially dynamic and interdepend- 
ent nature of the ecosystem. 

Balance of nature.—Ecologists disagree 
over the interpretation and even over the 
admissibility of the “‘balance of nature”’ 
theory. The argument centers on (1) the 
emphasis given to a theoretical mean 
density about which the population 
fluctuates (Nicholson 1933, Smith 1935, 
1939) and (2) the importance attached to 
biotic factors, especially intraspecific com- 
petition for food, in restoring the so-called 
steady density, or equilibrium (Nicholson 
1933, 1947). 

The concept of regular fluctuations 
oversimplifies the sometimes gentle, some- 
times violent changes that characterize 
many field populations. As Solomon 
(1949) observes, “... many... popula- 
tion curves do not give the least impres- 
sion that the fluctuations are related to 
the mean value. Movements towards the 
mean are often reversed before it is 
reached.” It appears that the mean value 
or steady state is a mathematical inter- 
pretation that does not fit the biological 
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facts concerning the individual popula- 
tions. 

That competition for food is the mech- 
anism that regulates abundance and re- 
stores the balance is not acceptable as a 
general concept. Undoubtedly density- 
dependent factors are frequently impor- 
tant and competition, in one form or an- 
other, may often predominate. This, 
however, should not obscure the facts 
that biotic factors always act in associa- 
tion with physical factors and that in such 
joint action the physical factors may also 
become density-dependent in their effects. 
One part of this effective complex should 
not be credited with the joint achieve- 
ment. Furthermore, there are many situa- 
tions in which competition for food does 
not appear to be a limiting feature of the 
habitat. Therefore, Nicholson’s theory, as 
currently stated, fits only specific cases 
and fails as a general explanation. 

Nevertheless, a broad type of balance 
or order in nature is obvious. It is not 
balance in the sense of equilibrium 
but rather as a changing state of order that 
results from the coexistence of interde- 
pendent forces that individually may 
vary, undergo modification, be added to, 
or be totally removed in the course of 
events. Hence, the expression “balance of 
nature” probably should be taken simply 
as a shorter way of saying: The ecosystem 
is whole; it functions as a complex of 
dynamic subsystems with an _interde- 
pendence of parts that controls and directs 
all relationships; none of its components 
is constant, but their interrelations are 
such that excessive variation by any of 
them is ultimately checked by others, 
thus producing an elastic state of balance 
within which a state of flux prevails. In 
this sense, the ecosystem is always bal- 
anced though its constitutent populations 
may fluctuate widely. 

Outbreaks.—An outbreak is simply an 
extreme upward fluctuation in the density 
of a single population living within a bal- 
anced habitat. During an outbreak the 
population is not out of control or un- 
natural or artificial, in the ecological 
sense, even when the outbreak may be 
attributed directly to man’s intervention. 
Man is a natural creature who, like any 
other organism, lives in, utilizes, and 
modifies his environment with attendant 
natural consequences. That his effects are 
drastic does not justify excluding him 
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from a consideration of community rela- 
tionships. Natural laws must embrace all 
relevant natural phenomena. A discussion 
of insect outbreaks may, therefore, prop- 
erly include reference to man-made epi- 
demics. 

de Gryse (1951), writing on forest ento- 
mology, states: ““The final answer to the 
question ‘What is the cause of insect out- 
breaks?’ has not been forthcoming. It is 
more than likely that the solution of this 
problem will be found in a combination 
of causal relations and this will be differ- 
ent for every species of insect.” With this 
we must agree. However, a few generaliza- 
tions seem warranted. 

Solomon (1949) concludes that “‘popu- 
lation variability tends to be inversely 
related to the degree of complexity of 
the ecosystem.” This sums up the com- 
mon observation that insect outbreaks oc- 
cur more frequently in homogeneous than 
in mixed forests, and in large areas de- 
voted to the production of one or a few 
related types of crop than in areas of di- 
versified production. Since climate is a 
primary determinant of the nature of 
plant cover, these facts may be put on a 
geographic basis, complexity and stabil- 
ity of habitat decreasing generally from 
tropical through temperate to polar re- 
gions, with a corresponding increase in 
the probability of insect outbreaks. The 
accepted explanation is that an abundant 
or superabundant supply of food is as- 
sured to a limited number of phytopha- 
gous species and that their natural enemies 
suffer a reduction in efficiency through 
the loss of favorable relatiorships that 
exist only in the more varied habitats. 

This may simply be another way of say- 
ing that any one condition affects differ- 
ent species in different ways and the more 
intensive or extensive the condition the 
more it is likely to promote an outbreak. 
The economic entomologist has witnessed 
this principle in action in innumerable 
instances as: (1) the widespread adoption 
of cultural practices such as strip-farming 
and combine-harvesting, which brought 
increased damage from the wheat stem 
sawfly, Cephus cinctus Nort.; (2) the oc- 
currence of excessive quantities of flood- 
killed, wind-thrown, or fire-scorched tim- 
ber. with consequent outbreaks of bark 
beetles and wood borers; and (3) the rise 
in prominence of phytophagous orchard 
mites following the general use of DDT. 
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The reference to DDT may more ap- 
propriately be included with a considera- 
tion of catastrophic factors. The term 
catastrophic mortality factor is applied by 
Ullyett (1947) to those forces that reduce 
the population of a host insect to insig- 
nificant proportions in a very short time. 
Bacteria, fungi, protozoa, and viruses 
that produce epidemics of insect disease 
are among the most important of the 
natural catastrophic factors. Drastic or 
sudden changes in weather or in other 
physical factors that result in a high per- 
centage of deaths may similarly be classi- 
fied. The application of chemicals and of 
sprays of disease organisms are examples 
from applied entomology. These factors 
do not normally exert a continuous effect, 
but a sudden and temporary one. They 
cause great changes and then virtually 
leave the scene. Parasites and predators 
may thus be reduced as drastically as 
phytophagous species, or even much 
more drastically; and in situations where 
natural enemies normally make an im- 
portant contribution to the total host 
mortality, serious repercussions may fol- 
low. When the catastrophic factor has 
spent itself, the remnants of the host 


population begin to multiply and, in the 
absence of the density-dependent con- 
trolling factors, may rapidly reach de- 
structive densities. In this way, catas- 


trophic factors may be regarded as 
important contributory causes of out- 
breaks. 

Weather has long been known as a pri- 
mary influence holding in check many in- 
sect species with fantastically high repro- 
ductive potentials. This factor regularly 
eliminates enormous numbers of individ- 
uals under so-called normal conditions. 
Franz (1949) associates changes in popu- 
lation density with genetic variability in 
the population: weak physiological strains 
are normally destroyed, but under favor- 
able conditions they survive and repro- 
duce and eventually give rise to outbreaks; 
finally, lack of vigor permeates the whole 
population, which collapses from internal 
weakness especially when less favorable 
environmental conditions supervene. Wel- 
lington et al. (1950), on the other hand, 
lay the emphasis on the “relaxation of 
climatie control’; without this relaxation, 
destructive populations of the spruce 
budworm, Choristoneura fumiferana 
(Clem.), fail to develop even in the pres- 
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ence of an optimum food supply (Preb- 
ble & Morris 1951). 

Finally, some outbreaks may be at- 
tributed to an evolutionary change that 
confers at least a temporary advantage on 
an insect species. For example, through 
natural selection a population can arise 
that is resistant or immune to the factor 
or factors that previously accounted for 
an important fraction of the total mortal- 
ity in the species. The development of 
strains resistant to chemicals has been 
clearly demonstrated and the develop- 
ment of strains resistant to parasites and 
disease organisms is to be expected. Like- 
wise, an important advantage may arise 
through the selection of a phytophagous 
strain with improved synchronization be- 
tween its development and that of its host 
plant, as for example the remarkable phe- 
nological timing that exists between the 
emerging spruce budworm and the burst- 
ing of the male flowers of the balsam fir. 

EXAMPLES FROM CURRENT WoRK.— 
The more desirable trends in research 
may be indicated by brief reviews of 
three projects based in large part on field 
studies and illustrating (1) a small-habitat 
study without economic implications, (2) 
part of an extensive program with pre- 
dictive and silvicultural objectives, and 
(3) a comprehensive investigation involv- 
ing fungicides and insecticides as eco- 
logical factors in the community. 

Example 1.—The primary habitat unit, 
or “minor habitat,” as designated by 
Elton (1949) has already been mentioned. 
Varley (1947) throws some light on the 
inner workings of one such small com- 
munity in his quantitative study of the 
insects living in the flower heads of the 
black knapweed, Centaurea nigra (L.) ssp. 
nemoralis (Jord.) Gugl. He sought an an- 
swer to the question: What factors con- 
trol the population density of the Knap- 
weed gall fly, Urophora jaceana (Hering) ? 

Three generations of galls were exam- 
ined over a two-year period, a total of 
92 square-meter samples being taken from 
approximately 500 sq. m. on which knap- 
weed was abundant. In this small frag- 
ment of the ecosystem, Varley found 25 
species of insects: 9 plant-feeding, 15 
parasitic, one predaceous. He diagrammed 
a rather complex network of food rela- 
tionships, but only five were really sig- 
nificant in affecting the numbers of the gall 
fly. By combining theory and measure- 
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ment he reached two major conclusions: 
“First, that in the census area the chalcid 
parasite, Eurytoma curta, was the factor 
primarily responsible for the control of 
the population density of the knapweed 
gall-fly, although it caused only a small 
proportion of the whole mortality. Sec- 
ondly, that most of the remaining mortal- 
ity factors, which together destroyed the 
greater portion of the gall-flies, had the 
long-term effect of increasing the average 
population density of the gall-fly. This 
was because they killed E. curta and the 
gall-fly indiscriminately, and hence re- 
duced the efficiency of E. curta as a con- 
trolling agent.” 

It would be interesting to have addi- 
tional minor-habitat studies made in the 
same ecosystem and to observe the inter- 
relations that would surely be revealed. 
Likewise, it would be profitable to have 
further investigation of the same minor 
habitat over a wider geographic and eco- 
logical range to determine the general sig- 
nificance of the findings from the present 
limited study. 

Example 2.—The spruce budworm, 
Choristoneura fumiferana (Clem.), has 
been studied intensively in both field and 
laboratory, expecially in Canada during 
the past 7 years. Although this native 
pest is highly destructive in cut-over 
areas, some of the severest outbreaks have 
occurred in virgin forests. A reconstruc- 
tion of tree stands and budworm infesta- 
tions in the past century has just been 
completed for a portion of northwestern 
Ontario to provide comparison with the 
more recent outbreak in the same area 
that has been under careful observation 
since 1945 (Blais 1954). It is now possible 
to compare the origin and spread of the 
current infestation with that of the early 
1860’s. Complementary studies on genet- 
ics, physiology, mortality factors, bio- 
climatology, and habitat relationships 
have significantly advanced our knowl- 
edge of this pest (Prebble & Morris 1951). 
The species thrives on the opening male 
flowers of mature balsam fir trees and 
outbreaks invariably begin in areas of con- 
centration of this host. However, some 
areas of heavy balsam fir have escaped 
serious infestations in outbreak periods. 
There are numerous parasitic, predaceous, 
and pathogenic enemies. 

The development of destructive bud- 
worm populations is explained on the 
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basis of a relaxation of climatic control in 
areas of susceptible stands; and though 
the biotic agents also increase as the pest 
multiplies they do not appear to bring it 
under control until starvation and speci- 
fic meteorological factors have reduced 
the population and exposed the survivors 
to relatively greater attack (Wellington 
et al. 1950, Prebble & Morris 1951). 
These observations reveal in striking fash- 
ion the interrelations of physical and 
biotic factors: one combination promoting 
population increase, a different combina- 
tion causing decrease of the same species 
in the same locality. This study has re- 
cently been extended to include the long- 
term effect of a large-scale chemical con- 
trol program (Flieger 1953). 

Example 3.—In 1943, a highly signifi- 
sant series of investigations was initiated 
in the Annapolis Valley, Nova Scotia, to 
determine the long-term effects of spray 
chemicals on insect populations in apple 
orchards. A group of experimental or- 
chards was used to study the effects of in- 
dividual fungicides and insecticides, addi- 
tional records being obtained from com- 
mercial orchards whose owners collabo- 
rated by applying recommended spray 
schedules. The project was undertaken to 
find an alternative to the constantly in- 
creasing spray program as a means of ob- 
taining marketable fruit of good quality. 

The approach has been ecological, em- 
bracing the whole insect fauna of the or- 
chard and its environs and combining 
intensive field observation with field and 
laboratory experimentation. Emphas& 
has been upon the identification, life-his- 
tories, and behavior of entomophagous 
insects and mites and upon the effects of 
orchard sprays on their abundance and 
their interrelations with the four major 
pest species: the oystershell scale, Lepido- 
saphes ulmi (L.); the European red mite, 
Metatetranychus ulmi (Koch); the eye- 
spotted bud moth, Spilonota ocellana (D. 
& S.); and the codling moth, Carpocapsa 
pomonella (L.). A beginning has been 
made on a study of the climatic factors 
involved and on the development of modi- 
fied spray programs for trials by growers. 
Results and tentative conclusions have 
been presented in a series of papers (Pick- 
ett et al. 1946, Lord 1947, 1949, MacPhee 
1953, Lord & MacPhee 1953, Pickett 
& Patterson 1953, MacPhee & Sanford 
1954) and include the following :— 
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1. In general, parasites are most ef- 
fective at densities of the pest species that 
are higher than can be tolerated econom- 
ically, whereas general predators may be 
relatively influential at lower pest densi- 
ties. 

2. The predaceous thrips Haplothrips 
fauret Hood is a density-dependent factor 
in regulating phytophagous mite popula- 
tions, but acts largely as a density-inde- 
pendent factor in regulating populations 
of the codling moth and the bud moth. 

3. Phytophagous mites and aphids ap- 
pear to form an important food reservoir 
for many predators and to be key factors 
in the interrelations that achieve natural 
control in orchards. 

4. Natural control of the oystershell 
scale is accomplished by a parasite or a 
predator or both; but a physical factor, 
minimum winter temperature, determines 
which biotic agent exerts the greater in- 
fluence in different parts of Canada. 

5. Under conditions prevailing in Nova 
Scotia orchards, DDT, parathion, and 
sulphur drastically reduce the numbers 
of natural enemies; nicotine, lead arse- 
nate, summer oil, Ovotran, Phygon,? and 
ferbam are lethal to some beneficial spe- 
cies and not to others, whereas cryolite, 
glyodin (Crag Fruit Fungicide 341), Tag 
331,‘ and copper fungicides are relatively 
harmless to all important parasites and 
predators. 

6. Many apple growers have adopted a 
modified spray program based on the re- 
sults of these investigations and report 
general satisfaction even though in some 
cases insecticides have not been included 
in the spray schedule. 

This comprehensive study illustrates 
well the complications that arise in the 
ecosystem from the addition of chemical 
factors. It also confirms the existence of 
two principles: the oneness of the factorial 
complex in the field; and the oneness of 
the science of entomology regardless of 
the epithets “fundamental” and ‘“‘ap- 
plied.” 

Lines OF Empuasis IN Future Re- 
SsEARCH.—The study of factors that affect 
insect abundance will probably spear- 
head the return of ecology as the field 
of major emphasis in entomology during 
the next decade. The success with which 
we meet this challenge will depend on 
how wisely we utilize the research re- 
sources that may be turned to this pur- 
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pose. In this brief section I can do no 
more than introduce this important as- 
pect of the subject. 

From the experiences of the past 30 
years we know that the estimating of in- 
sect abundance, though highly perplexing, 
is not nearly enough in itself. Numerical 
data must be related to physiology and 
behavior, which in turn depend, as we 
have seen, upon the interactions of in- 
ternal and external forces, physical and 
biotic. Ultimately, then, we shall be re- 
quired to measure concurrently many 
factors and to do this under natural con- 
ditions, the host population being but 
one of them. Once the basic concepts are 
established and accepted, progress will 
depend largely on our skill in devising 
adequate techniques. 

However, before we reach the quantita- 
tive stage certain qualitative information 
is required. We cannot measure the fluc- 
tuations in abundance of a species until 
we know its life-history and basic behav- 
ior patterns and can find and recognize 
it in all its forms and stages. Furthermore, 
the measurement of physical factors is 
meaningless until we have established 
what needs to be measured and what lim- 
its of accuracy are required and possible. 
When refinements are expensive, we must 
appraise their necessity, as for example 
the need for measuring to a tenth of a 
degree a factor that influences an abun- 
dance that we can only estimate as scarce, 
common, or numerous. Finally, all quan- 
titative data should be statistically ade- 
quate whether they are recorded simply 
as meaningful categories or as refined indi- 
vidual measurements. 

In our endeavors to understand natural 
phenomena, we should use every possible 
approach: field observation, field and lab- 
oratory experimentation, theoretical con- 
siderations, surveys, and incidental re- 
cords. Each has virtue. However, we must 
go to nature to study nature; hence skillful 
field observation is a continuing require- 
ment. It is an art that warrants further 
development and greater use. However, 
to unravel the interrelations that affect in- 
sect abundance, selected problems must 
be taken to the laboratory for analysis 
under controlled conditions. But what is 
undertaken in the laboratory should arise 


3 2,3-Dichloro-1,4-naphthoquinone, a product of the U. S. 
Rubber Co. 


4 Phenyl! mercury salts in mixture. 
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from what is observed in the field. Fur- 
thermore, we must recognize from the 
start that the laboratory isa novel habitat. 
In it populations that co-exist in the field 
are separated and interacting natural 
factors are isolated. Such an experiment 
will supply factual information, but it is 
factual only in reference to its own uni- 
verse—the laboratory. The information 
thus obtained can be used to develop 
theories, but the theories require success- 
ful testing in the field before we can ac- 
cept them as principles. 

Yet theories and concepts are useful; 
they assist in orientation and planning. 
But theories derived from simple or re- 
stricted biological systems such as a cul- 
ture of the confused flour beetle, Tribo- 
lium confusum Duv., have limited appli- 
cation to field ecology, as also have for- 
mulae that employ mathematical con- 
stants to represent inconstant biological 
phenomena. The relation of biomathemat- 
ics to insect population problems has 
been discussed by Thompson (1939) and 
more recently in a comprehensive paper 
by Ullyett (1953), who concludes: ‘“The 
theories of Lotka, Volterra and Nicholson 
and Bailey, being all based on the pri- 
mary assumption that animals act at 
random in relation to the things which are 
important for their survival, must be re- 
jected as adequate general theories of 
animal behaviour.” Undoubtedly, we 
should proceed with caution in deciding 
what fraction of our resources should be 
devoted to experiments based on mathe- 
matical concepts that are derived largely 
from mathematics or physics instead of 
from adequate biological data. 

Increased attention is warranted in 
field experimentation. In Schneirla’s 
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words (1950): ‘It should be possible to 
carry many of our laboratory methods 
into a direct-manipulative use in the field, 
with appropriate modifications.” This 
was imaginatively executed by Brown 
(1952), who constructed “dummy men” 
for testing under controlled conditions in 
the field the validity of his laboratory 
findings on individual factors affecting the 
attractiveness of humans to mosquitoes. 
In general, field investigations must be 
thoroughly planned and the individual 
assignments carefully limited or the proj- 
ect becomes diffuse and unwieldy and, 
eventually, unprofitable. Furthermore, if 
the specific and limited assignments are 
to yield more than specific and limited 
results, they must be wisely selected and 
skillfully integrated into a combined pic- 
ture of general significance. 

RecapPiruLation.—In this paper I have 
sought to depict each natural community 
as a plastic but balanced system of vari- 
able factors and each insect population 
as one of the unstable components. The 
density of such a population at any given 
time is a product of the interactions of all 
concurrently active factors, each of which 
differs in time and space in its effective- 
ness. Fluctuations in insect abundance 
thus arise from different causes and tend, 
therefore, to be irregular in their occur- 
rence. It is extremely difficult to appraise 
the individual significance of factors that 
never act independently in nature. But 
the need for such appraisal is upon us. 
Indeed, the effects of pesticides on the 
food-producing and fibre-producing eco- 
systems of the world seem to have already 
touched off a new era in field ecology. 
This may well be the great entomological 
challenge of the century. 
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Urban Fly Dispersal in the Area of Savannah, Georgia 


K. D. QuarTERMAN, Wits Marats, and J. W. Kitpatrick! 


During the past decade there has been 
an increasing interest in municipal fly con- 
trol in the United States, which was stim- 
ulated by the early success of DDT in con- 
trolling flies and the demonstrated effect 
of fly control in reducing diarrheal disease 
(Watt & Lindsay 1948). To approach the 
problem of municipal fly control adequate- 
ly, whether by sanitation or chemical 
means, or both, basic information must 
be available on the breeding and flight 
habits of flies in present-day urban areas. 
Studies by Quarterman e¢ al. (1949) devel- 
oped some data on the flight dispersion of 
a laboratory-reared, mutant strain of Cal- 
litroga macellaria in urban areas. Studies 


by Bishopp & Laake (1921) and Lindquist 
et al. (1951) produced valuable informa- 
tion on the flight range and habits of sev- 
eral species of flies under certain condi- 
tions in rural areas, and indicated that 
flies released in rural areas may pass com- 
pletely over urban areas in their flight. 
Earlier investigations by Parker (1916) 
in Montana had shown that house flies 
would travel 2 miles in urban areas. These 
previous studies left much to be desired 
concerning the knowledge of fly dispersal 
habits in urban areas, however, and the 


1 Communicable Disease Center, Public Health Service, U.S. 
Department of Health, Education, and Welfare, Savannah, 
Georgia. 
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investigations described herein were un- 
dertaken to provide additional informa- 
tion on this subject. 

ProcepuRE——These studies were made 
in Savannah, Georgia, a city of approxi- 
mately 130,000 population, which con- 
tains typical areas normally found in most 
American cities. Before selecting the 
points for making the fly releases, the city 
proper and its immediate suburbs were 
surveyed rapidly and each block or section 
was classified for the purposes of these 
studies as low, middle, or high class resi- 
dential areas; business district; industrial 
section, and open or wooded areas; and 
sites having high fly production potential 
in suburban areas were noted. 

In the first flight dispersion test con- 
ducted in June 1951, four release points 
were selected. One was in the center of a 
high class residential area; one at the 
junction of a high, middle, and low class 
residential area; one in a business section 
surrounded by industrial, open, and low 
class residential areas; and one in an open 
area surrounded by open, industrial, low, 
and middle class residential areas. 

To minimize the possibility of affecting 
the tendency of the flies to migrate, which 
might result from artificially overcrowd- 
ing the release points by introducing ab- 
normal populations, the test flies were ob- 
tained by trapping wild adult flies at the 
four sites selected as the release points, by 
placing several baits around the premises 
and trapping the flies with a screen pyra- 
mid-shaped trap. The trapped flies were 
counted and classified at the time of cap- 
ture, and were fed for approximately 24 
hours on milk containing radioactive sub- 
stances at the rate of 1 microcurie of radio- 
active material per milliliter of milk, a 
concentration which had been shown to be 
satisfactory for tests of this type by the 
laboratory investigations of Jensen & Fay 
(1951). Phosphorus-32, calcium-45 and 
iodine-131 were used to tag the flies, those 
at two of the release points being marked 
with phosphorus-32. The flies at one of 
these two points were dusted with Rhod- 
amine B? just before release. 

On the evening of June 2, after it had 
become too dark for them to migrate, the 
flies were released simultaneously at the 
same points where they had been trapped. 
This time for release was selected to mini- 
mize the possible effects of the temporary 
caging. At daylight the next morning, the 
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flies were in their normal environment and 
presumably would resume their activities 
in a normal manner. 

Conventional cone-shaped fly traps 
were used to recover the released flies. 
Traps were placed in concentric circles 
approximately 0.25, 0.5, and 1 mile around 
each release point. The four release points 
were so situated that these circles met or 
overlapped each other. A few additional 
traps were added around the periphery of 
the city to complete the pattern of trap 
locations. 

The recovery traps were baited with 
ground fish heads diluted 1:1 with water. 
Baits were placed in the traps at daylight 
on the morning following the release of the 
tagged flies, and the first trap catches were 
collected beginning at noon on that same 
day. The trapped flies were collected daily 
except on week ends, when the traps re- 
mained in operation from Friday to Mon- 
day without the flies being removed from 
them. The trapped flies were killed in a 
metal chamber with Cyanogas A-dust and 
examined in the laboratory with a Geiger 
counter for tagged flies. At the release 
point locations, the traps were operated 
for only about an hour each day to obtain 
data on the percentage of marked flies 
present in the total fly population at those 
sites from day to day. 

The radioactive calcium and _ iodine 
were tried without benefit of prior labora- 
tory studies. The calcium was in the form 
of calcium chloride and apparently affect- 
ed the flies adversely. Approximately 
half of them which fed on the milk con- 
taining the calcium were dead by the time 
for release, and later laboratory tests (Jen- 
sen & Fay 1951°) showed this material to 
be unsatisfactory due to the high mortal- 
ity it produced and its rapid excretion by 
the flies. The iodine also produced consid- 
erable mortality among the male flies. 
Flies tagged with phosphorus and iodine 
were separated on the basis of differences 
in types of emissions. A shield stopped the 
phosphorus beta particles while the more 
penetrating gamma rays were admitted 
to the Geiger counter. The recovered flies 
which had been tagged with phosphorus 
were placed on white filter paper and a 
drop of acetone was added to each fly. The 
acetone dissolved the dye from those dust- 


2 A product of Eastman Kodak Co., Rochester, N. Y. 
3 Unpublished data. 
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Table 1.—Number of marked flies released and recovered in a dispersal test at Savannah, 


Georgia, June 1951. 











Musca Callitroga Phaenicia Scarophaga OrtTHER 
RELEASE Point domestica macellaria Spr. Spp. Srp. TorTALs 

I 1,000 30 100 4 4 1,138 

II 1,950 350 185 140 Q5 2,650 

Il 600 2,500 400 50 50 3,600 

Total released 3,550 2,880 685 194 79 7,388 

Total recovered! Q7 56 92 93 0 94 
Per cent recovered! 0.8 1.9 1.3 1.0 0 1.8 





1 Does not include recoveries of marked flies at their respective release points. 


2 All Phaenicia spp. recovered were identified as P. sericata. 


3 One specimen identified as S. haemorrhoidalis and one as S. impar. 


ed with Rhodamine B and the color was 
easily detected on the filter paper upon 
evaporation of the acetone. 

A second release test was conducted in 
July, using the same four release points 
within the city that were used in the first 
test. In addition, four other release points 
were selected at high fly-producing sites 
outside the city limits. One of these was 
the city dump, two were dairies, and one 
was an abattoir. The techniques for ob- 
taining, marking, releasing, and recover- 
ing the flies in this second test were the 
same as those employed in the first test, 
except that only phosphorus-32 was used 
to tag the test flies radioactively. In addi- 
tion, the flies were dusted with a different 
dye for each release point just prior to re- 
lease. The following dyes were used for 
this purpose: Rhodamine B, Calco oil or- 
ange 7078-V,* Caleogas green 0-9660 spe- 
cial, Caleo oil yellow ZG concentrate,‘ 
Calcogas violet special, Calco oil red N- 
1700, Caleo oil black B-3804,‘ and Aur- 
amine O. 

The test flies were originally trapped 
as adult flies on July 9 and 10, fed on milk 
containing P-32 for 24 to 48 hours, and 
7 ‘leased after dark on the evening of July 

Recovery traps were located within 
io city at the same locations used in the 
first test. Several additional traps were 
placed in outlying areas around the city 
and between the four new release points 
and the city proper. The trapping sched- 
ule was the same as that used in the first 
test. 

Tagged flies were removed from the 
trap catches in the laboratory with the 
aid of a Geiger counter, and were washed 
with acetone to determine the color of 
dye present on them. It will be noted that 
two red and two yellow dyes were used. 
One of each of these colors, Rhodamine B 





and Auramine O, was fluorescent, which 
made it possible to distinguish between 
them. 

Resutts.—The unsatisfactory perfor- 
mance of the calcium-45 used to tag the 
flies at release point IV in the first test 
resulted in the complete loss of dispersal 
data for these flies. Although a high mor- 
tality occurred among the male flies 
tagged with iodine-131 at release point ITI, 
there was sufficient survival that a num- 
ber of iodine-marked flies were captured 
in the recovery traps. Table 1 shows the 
number of marked flies released at the 
three release points, the number of each 
species recovered, and the percentage of 
recovery. The percentage of recovery was 
greater for blow flies than for house flies, 
especially for Callitroga macellaria. 

The various distances at which recov- 
eries of marked flies were made are shown 
in table 2. It will be noted from this table 
that most of the marked flies were recov- 
ered within one-half mile of their respec- 
tive release points, except Callitroga macel- 
laria, which dispersed over greater dis- 
tances, the majority of that species being 
recovered between 1 and 3 miles from re- 
lease points. 

An interesting feature of this study was 
the fact that on the first day after release, 
recoveries were made at the maximum 
distance for house flies and at near maxi- 
mum for Phaenicia and Callitroga macel- 
laria. Phaenicia sericata was recovered 1.25 
miles from the release point after 7 day- 
light hours following release; C. macel- 
laria, 3 miles in the same period; and 
Musca domestica, 1.75 miles in 10 hours. 
Only one specimen each of C. macellaria 
and Phaenicia was recovered later at dis- 


4A product of Caleo Chemical Division, American Cyana- 
mid Co., Bound Brook, N. J. 
5A product of Biolsol Products Co., Rochester, N. Y. 
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Table 2.—Recovery of marked flies at indicated distances from release points in a dispersal 
test at Savannah, Georgia, June 1951. 








DISTANCE OF AVERAGE NuMBER MARKED SPECIMENS RECOVERED PER TRAP 











Recovery TRAPS — 
FROM RELEASE NUMBER Musca Callitroga Phaenicia Sarcophaga All 
Pornts In Mites or Traps! domestica macellaria Spp. Spp. Species 
0.25 12 1.08 0.08 0.50 0.00 1.67 
0.50 14 0.86 0.22 0.07 0.15 1.29 
1.00 20 0.05 0.30 0.05 0.00 0.40 
Total 

0 -1.0 46 0.57 0.22 0.17 0.04 1.00 
1.1-2.0 43 0.02 0.58 0.02 0.00 0.63 
2.1-3.0 58 0.00 0.34 0.00 0.00 0.34 
3.1-4.0 6 0.00 0.17 0.00 0.00 0.17 





1 A total of only 52 traps were used, but each tra 
served as three “traps” for the purposes of this ta 


ong most instances was located at a different distance from each release point and 
tances greater than those of the first day, at their respective release points, where 
and these additional distances were small. the traps were operated only 1 hour each 

The data in table 3 show the relation- day, were small at points I and III. One 
ship between the different types of urban’ marked house fly was trapped at point I 
areas and the recovery of marked flies. on the first, second, and ninth day after 
House flies were recovered primarily in release, and one Phaenicia sericata on the 
residential areas and “‘hot spots.” These fourth day. The one marked specimen was 
latter included two horse stables and one _ the only house fly trapped at this point on 
pig pen. Phaenicia were relatively well the first day after release. At release point 
distributed in all areas. Callitroga macel- III, two marked P. sericata, and one Cal- 
laria were recovered also in practically all litroga macellaria, were recovered on the 
areas, with the greatest numbers being day following release, and one C. macel- 
taken in vacant and low class residential daria each on the third and fifth days. At 
areas. The distinction between recoveries release point II (a horse stable), 71 
in high and middle class residential areas marked house flies and 1 P. sericata were 
was not very great, but as between these trapped the first day after release, none 
and the other types of areas there were on the second day, and a total of 5 more 
noticeable differences, with larger num- marked house flies on the third to the fifth 
bers of flies being recovered in these other days. The low recoveries of marked flies 
areas. These differences were brought out at the release points after the first day 
more sharply in the second release test. were strong indication that all species 

The numbers of marked flies recovered were moving about freely. The greater 


Table 3.—Distribution of recoveries of marked flies in the various types of urban areas in which 
traps were located in a dispersal test at Savannah, Georgia, June 1951. 
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Location jor Traps} 3 | 3) 3) / 4 é 2/3] 38 - | 3 = S/3/8/§ 1S] = 
or Traps |Operaten) S| SO |/RlalSl ae |i Ss}; ol; Rl ale; a lislisj/R lass] < 
High class | 
residential | 8 5 1 2 0 0 8 0.6 | 0.1 | 0.3 | 0.0 0; 1.0 25 | 18 | 25 0 0; 38 
Middle class | | 
residential 11 3 3 0 0 0 6 || 0.3 | 0.8 | 0.0 | 0.0 0 | 0.5 18 | 27 0 0 0 45 
Low class 
residential | 15 i }14 | 3] @] of 3 || 1.0] 0.9] 0.2/0.1] 0] 2.3 || 27] 40/13] 13} 0| 47 
Vacant 10 0 33 1 0 0 | 34 | 0.0 | 3.3 | 0.1 | 0.0 0 | 3.4 0} 50) 10 0 0; 50 
Industrial 3 0 5 1 0 0 6 0.0 | 1.7 | 0.3 | 0.0 0 | 2.0 0 | 66 | 33 0 0 | 100 
Business 2 0 2 3 0 0 5 0.0; 1.0] 1.5 | 0.0 0/| 2.5 0 | 50 | 50 0 0 50 
“Hot spots” | 3 7 0 1 0 0 8 | 2.3 | 0.0} 0.0 | 0.0 0 | 2.7 67 0 | 33 0 0 | 100 
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Table 4.—Number of marked flies released and percentage recovered in a dispersal test at Savan- 





nah, Georgia, July 1951. 





RELEASE Point NUMBER 




































































I II | Ill | IV | V VI | VII | Vil | TorTaLs 
Musca domestica: 
No. released 330 | 4,070 | 1,200 | 260 | 7,000 |10,000 |12,000 | 5,280 |40,090 
Per cent recovery away 
from release point 8.8 J 0.3 1.9 0.1 0.1 0.1 0.1 0.2 
Total per cent recovery! 3.9 ee 0.4 1.9 0.4 $.1 2.3 | 0.6 | 1.8 
(allitroga macellaria: | | | | 
No. released 770 990 | 2,000 | 3,580 900 | 100! 500 | 2,190 |11,030 
Per cent recovery away | 
from release point 2.3 2.2 2.7 8.2 0.7 6.0 1.8 2.2 2.5 
Total per cent recovery! 2.3 2.3 $.7 3.2 0.8 6.0 1.8 2.3 | 2. 
Phaenicia spp.: | | 
No. released 20 80 600 100 | 2,000 15 25 | 25 | 2,865 
Per cent recovery away 
from release point 0.0 3.8 5 3.0 0.1 0.0 | 0.0 0.0 | 0.6 
Total per cent recovery! 0.0 3.8 LT 3.0 0.4 0.0 | 0.0 | 0.0 | 0.8 
Sarcophaga spp.: | | | | | | 
No. released | $80 | 200 50 | 315 | 0 | 0 25 | | 645 
Per cent recovery away | 
from release point ; 3.3 1.0 0.0 1.0 0.0 | 0.0 | 0.0 0.0 0.9 
Total per cent recovery! | 3.3 1.0 0.0 13 | 0.0 | 0.0 | 0.0 | 0.0 | 1.1 
Other spp.: | | | | 
No. released 120 | 110 50 | 20; 100 | 0 | 1 | 5 | 406 
Per cent recovery away | 
from release point 3.7 0.0 2.0 | 5.0 | 0.0 | 0.0 | 0.0 | 0.0 | 1.0 
Total per cent recovery! | 1.7 | 0.0 2.0 | 5.0 | 0.0 | 0.0 | 0.0 | 0.0 | 1.0 





1 Includes recoveries at release point. 


percentage of recovery, the greater dis- 
tances over which they were trapped, the 
wider variety of areas in which they were 
recovered, and the high recoveries in va- 
cant areas demonstrated stronger migra- 
tory habits in C. macellaria than were ex- 
hibited by house flies, Phaenicia or Sarco- 
phaga. 

Table 4 shows the number of marked 
flies released at the eight release points 
used in the second dispersal test, and the 
percentage recovery. The recovery was 
slightly higher in the second test for the 
three release points which were common 
to both tests. Thirty-four per cent of the 
recovered house flies were trapped beyond 
1 mile from their release points (Table 5), 
as compared to only 4 per cent in the first 
test. Twenty-four per cent of the recov- 
ered Phaenicia and 50 per cent of the re- 
covered Sarcophaga were trapped beyond 
1 mile in the second test, compared to 11 
per cent and none, respectively, in the 
first test. Conversely, only 59 per cent of 
the recovered Callitroga macellaria were 
trapped beyond 1 mile in the second test, 


as compared to 82 per cent in the first re- 
lease. 

In considering the recovery of the 
marked flies relative to the distance of re- 
covery from the release points, considera- 
tion must be given to the fact that the 
areas immediately adjacent to the release 
points were more intensively trapped than 
those farther removed. For example, the 
fact that 66 per cent of the recovered 
house flies were trapped within 1 mile of 
the release points in the second dispersal 
test does not mean that 66 per cent of the 
released flies remained within the 1-mile 
area after their release. There were fewer 
traps operated per unit area of land out- 
side the 1-mile zone. If the average num- 
ber of marked flies recovered per trap in 
each zone were multiplied by a correction 
factor to equalize all traps on the basis of 
land area served, the figures would indi- 
cate that most of the flies moved into the 
areas beyond the 1-mile zone. In fact, such 
an adjustment indicates no more than a 
slight reduction in total numbers of flies 
that must have migrated up to 4 miles or 
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Table 5.—Recovery of marked flies at indicated distances from release points in a dispersal test at 


Savannah, Georgia, July 1951. 








DISTANCE OF 
TRAPS FROM 


AVERAGE NUMBER OF MARKED SPECIMENS RECOVERED PER TRAP 


| Total 








Revease Points| No. or Musca Callitroga | Phaenicia |Sacrophaga| Other 
iN MILEs Traps! domestica | macellaria | Spp. | Spp. |  Spp. 
| 
0-0 .25 16 2.4 2.5 0.67 0.26 | 0.0 4 5.7 
0. 26-0. 50 19 0.7 2.6 0.2 | 0.0 0.19 | 3.5 
0.51-1.0 37 0.3 0.6 0.0 | 0.0 C8 - 0.9 
Total: 

0-1.0 72 0.9 1.5 0.2 0.04 0.01 2.7 
1.1-2.0 129 0.1 0.6 0.0 0.02! 0.01 0.7 
2.1-3.0 165 0.1 | 0.4 0.014 0.018 0.0 } 0.4 
3.1-4.0 85 0.1 0.2 0.0 | 0.0 | 0.02" 0.3 
4.1-5.0 33 0.1 0.2 0.065 | 0.0 0.0 | 0.4 
5.1-6.0 6 0.7 0.0 0.0 0.0 0.0 | 0.7 
6.1-7.0 3 0.0 0.3 0.0 0.0 0.0 0.3 
7.1-8.0 7 0.1 0.4 0.0 0.0 0.0 | 0.6 
8.1-9.0 1 0.0 0.0 | 0.0 0.0 0.0 | 0.0 
9.1-10.0 5 | 0.0 0.0 0.0 0.0 0.0 | 0.0 

1 A total of 64 traps were used, but each trap was located at a different distance from the various release points and serves as sev- 
eral “traps” for the purpose of this table. 
2 4 sericata, 4 pallescens, 1 cluvia, and 1 caeruleiviridis. 


3 2 sericata and 1 pallescens. 

4 P. pallescens 

5 P. sericata and P. pallescens. 

6 S. haemorrhoidalis, errabunda, and sueta. 
7 8. bullata and S. sueta. 

8S. sueta. 

9 Synthesiomyia nudiseta. 

10 Phormia regina, 

1 Fannia pusio, 


more. Because of the increasing area in- 
cluded in each zone, however, the density 
of the flies would become steadily lower at 
increasing distances from the release 
points. 

The maximum distances at which re- 
coveries were made from release points 
were greater in the second test for all spe- 
cies. House flies and Callitroga macellaria 
were trapped 7.6 and 7.2 miles, respective- 


ly, from release points, Phaenicia 5.0 miles, 
Sarcophaga 2.1 miles, and Fannia pusio 
3.5 miles (Table 5). The speed of move- 
ment of the flies was greater also in this 
second test. On the first day after release, 
house flies were recovered in several traps 
ranging from 0.25 up to 5.2 miles from the 
release point; C. macellaria were recovered 
up to 2.8 miles; and Sarcophaga bullata, 
1.8 miles. On the second day after release, 


Table 6.—Percentage recovery of the total daily catch represented by marked flies at the respective 
release points in a dispersal test at Savannah, Georgia, July 1951. 


















































| Ae 
Musca domestica Callitroga macellaria | ——_ ie. 
No. of Days After Release No. of Days After Release No. Days After Release 
Rewtease Point |——_—__—__——___;—, — — - -- ————— 
No. Location | 1| 2 | 5| 7| 8] 9/18 1] 2/5/7| 8| 9| 12] 1] 2/5|7] 8} 9/18 
I | High class resi- | 
dential 251) 0O 0 0 0 0 0 0 0;0;0 0 0 0 0 0/;0/;0 0;0/0 
II | Horse stable at | 
junction of high, 
middle, and low 
class residential | 81 | 77 0 0; 3.5; 0 0/0.5) 0/0/0 0 0 0 0 0;0;0 0;0/0 
III | Farmers’ market ‘ 
in business dis- | 
trict 0;2.3!} O|}—|]— 0oj;— 0 0;o0;j—|— o|j— 0 0;o;—|;—|0 = 
IV | Open area (cow | 
pasture) —_ 0 0 0 0 0 0o;— 0;0/;0 0 (0.2!) 0 oe 0|0)]0 /1.6) 0) 0 
V City dump 1.6; 0.9 0 0; 0.1) 0.5) O 0 0;0;0 0 0 0 5.72; 2.02; 0 | 0 0;0;/0 
VI | Dairy 19.1| 5.8 0 | —/} 0.8) 0.50.04) 0 0;0|— 0 0 0 0 0;o|;— 0;0);0 
VIL | Dairy 23.4/17.3 | 6.8) 3.0) 2.3) 3.10.6 | 0 0/;0;0 0 0 0 0 0;0;0 0;0)0 
VIII | Abattoir 9.8) 6.9 0 0 | 0 0 0 | 0 2.51) 0 0; 0.1) 0 0.051) 0 0;0;0 0/0/0 






































1 Based on single tagged specimen. 
2 P, pallescens and P. sericata. 
3S. sueta. : 
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Table 7.—Distribution of recoveries of marked flies in the various types of urban areas in which 
traps were located in a dispersal test at Savannah, Georgia, July 1951. 








NuMBER RECOVERED AVERAGE NUMBER PER TRAP Per Cent Traps CaTcHINne 





















































! 
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- 2 . n e . 
S| 21a] ¢ S$) 2/91. = 2/8 1/Blel¢ 
1S) 8 | ela 2/8/8 | Bl] a ,/8\/8|8le 
= & Sh. 3 & Dn 8 Elin 
& AS ee ees S . S gn5: 5 AS “ae ee 
3 Sisisialagils S| 3 s aliseisSisisgis|iail s 
s/8/2i mo = 3 8 = Hi = S18 il seia 9 
Nompen| § | 8 | 8 |S] 5] 3 $|3 § Sls ielgs isl Fl sls 5 
Location |or Traps} = | 3 | § x 4 2 5g 3 3 e 4 = siRilSiétisia 
or Traps |OpERATED) & SIL I1aAlSO = = o NX RQ ° BSlSisignlals| < 
High class 
residential 8 1 | 7 0 0 0 8/} 0.1] 0.9] 0 0 0 1.0 | 13 | 50 0 0 0 63 
Middle class | 
residential 11 8 | 31 1 1 0 41 | 0.7 | 2.8 | 0.1] 0.1] 0 3.6 | 45 | 73 9 9 0 82 
Low class 
residential 17 42 | 72 8 3 0} 125 | 2.5 | 4.21} 0.5] 0.2] 0 7.4141) 71 | 29! 12 0 76 
Vacant 18 ll | 115 2 1 1 | 130 | 0.9 | 8.8 | 0.2 | 0.1 | 0.1 |10.0 | $1 | 92 | 15 8 8 92 
Industrial | 3 1 30; 3/ 0 1 35 | 0.3 |10.0 | 1.0) 0 0.3 |11.7 33/100 | 33 0 33 | 100 
Business | 2 3 | 2; o| 0 0 5; 1.5} 1.0) 0 0 0 2.5 |100 (100 0 0 0 | 100 
“Hot Spots” | 7 =| 80| 17| 3/ 1| 2| 53] 4:3| 2:4] 0.4| 0.1 | 0.3 | 7.6 |100 | 86 | 43 | 14 | 14 | 100 


























house flies and C. macellaria were recov- data in table 7. The average number of 
ered at the maximum distance for the marked flies taken per trap and the per 
test; P. sericata, 3.5 miles; and P. palles- cent of traps catching marked flies were 
cens, 5.0 miles. higher in all other types of areas than in 
The data in table 6 indicate that the fly the better residential areas. Although the 
dispersal was rapid and continuous. In _ flies dispersed in all directions simultane- 
some instances only a single tagged fly ously, they tended to concentrate in those 
was recovered at the release point. In gen- areas which were most attractive to them. 
eral, the degree of recovery tended to vary These areas varied somewhat for the dif- 
directly with the attractivity of the site ferent types of flies. The poorer residential 
for flies, the more attractive points holding areas, the business district, and the so- 
the marked flies longer. Even in these called “hot spots” (which included horse 
places, however, the movement of the _ stables, dairies, pig pens, and small gar- 
flies outward was rapid, as evidenced by bage dumps) were the most attractive to 
the rapid decline in the percent of marked house flies. While these areas were also 
flies trapped in the fly populations at these attractive to blow flies, larger numbers of 
sites. Beginning the eighth day after re- the latter were trapped in vacant and in- 
lease, the traps were operated continu- dustrial areas. Except for the fact that 
ously at these sites, instead of the 1 hour — they were partially occupied by buildings, 
daily. Even so, very few marked flies were _ the industrial areas were essentially “‘va- 
trapped, and these almost entirely at the cant” areas, in that they contained very 
most attractive sites. At the same time, few attractants. In fact, it is quite doubt- 
marked flies from all release points were ful that either of these areas can be ac- 
still being taken in the outer traps. curately described as being more “‘attrac- 
A study of the dispersal patterns for  tive’’ to blow flies than those areas pre- 
house flies and for Callitroga macellaria ferred by the house flies. Their capture in 
indicated that wind directions seemed to great numbers in such areas is more apt to 
have no detectable influence on the move- _ be simply evidence of the more migratory 
ment of the flies, which appeared to dis- habits of the blow flies. 
perse at random, moving in all directions That heavy fly-producing sites outside 
simultaneously. Daily dispersal patterns a city will contribute substantially to the 
indicated that the flies frequently moved city’s fly population was clearly demon- 
in opposite directions at the same time, — strated in the second test. Release points 
passing each other in reaching the points V-—VIII, inclusive, represented such places, 
at which they were trapped. being a dairy and the garbage dump on 
While the flies dispersed essentially at one side of the city, and a dairy and an 
random, the pattern tended to skew to- abattoir on the other side. House flies and 
ward those areas with the most attract- blow flies from these sites moved into and 
ants. This is clearly demonstrated by the completely across the city. The ability of 
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these common flies to move freely within 
a range of 4 miles or more in urban areas 
emphasizes the necessity for approaching 
municipal fly control on a city-wide basis. 
Since outlying foci of high fly production 
may also contribute substantial numbers 
of flies to the city proper, such places 
must be considered also. Since they are 
usually relatively few in number, it may 
often be desirable to include them in mu- 
nicipal fly control operations, especially if 
their fly production is high enough possi- 
bly to jeopardize the results of the control 
work within the city. 

SumMary.—Employing as marking 
agents a combination of radioactive chem- 
icals incorporated in their food and a vari- 
ety of dyes dusted on them before release, 
dispersal habits of the common species of 
flies in urban areas were studied. 

Dispersal was rapid, continuous, and in 
all directions, the flies frequently passing 
in opposite directions to reach the sites at 
which they were trapped. 

The flies concentrated in greater num- 
bers in those areas most attractive to 
them. Large numbers of Callitroga macel- 
laria and some of all species were recov- 
ered in vacant areas considerably removed 
from major fly-breeding sources. 

Heavy fly-producing sources near a city 
contribute substantially to the city’s fly 
population. Flies from dairies, an abattoir, 
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and the city garbage dump located outside 
the city moved into all parts of the city 
and completely across it. 

The majority of the marked house flies 
and Phaenicia spp. recovered were trapped 
within one-half mile of release points in 
these tests, although approximately one- 
third of the recaptured house flies were 
trapped more than a mile away in one 
test. Most of the Callitroga macellaria re- 
covered were trapped between 1 and 4 
miles from release points. House flies were 
recovered as far away as 7.6 miles, C. ma- 
cellaria 7.2 miles, Phaenicia pallescens 5.0 
miles, P. sericata 3.5 miles, Fannia pusio 
3.5 miles, and Sarcophaga sueta 2.1 miles. 

If the recovery of marked flies per trap 
were adjusted to equalize the traps in each 
l-mile zone on the basis of land area 
served by each trap, the results would in- 
dicate that large numbers of flies moved 
into each 1-mile zone up to 4 miles or more 
from the release points. 

Municipal fly control should be ap- 
proached on a city-wide basis, and in some 
instances it may be desirable to include in 
such control operations the most impor- 
tant of the immediately outlying foci of 
high fly production. 
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Fly Dispersal in a Rural Area near Savannah, Georgia 


K. D. QuarTERMAN, J. W. Kiipatrick, and Wruuis Marats! 


The importance of insect dispersal in 
relation to control operations has long 
heen recognized. The widespread use of 
DDT and other residual type insecticides 
for fly control in rural areas and the re- 
sultant development of fly resistance to 
these chemicals have emphasized the 
need for a more adequate knowledge of 
fly dispersal habits. In tests near Dallas, 
Texas, Bishopp & Laake (1921) developed 
now Classical data on the flight ranges of 
several of the common species of flies. 
Powdered chalk of different colors and 
paint pigments were used as the marking 
agents in that work. More recently, Lind- 
quist et al. (1951) conducted experiments 
in Oregon on the flight habits of Musca 
domestica, Phormia regina and Phaenicia 
sericata, using radioactive phosphorus as 
the method of tagging the test flies. 

In both of these experiments, however, 
the test flies were released during the mid- 
portion of the day in open areas where 
there was little if any attractant material. 
The flies used in the releases were wild 
flies trapped in other locations or were 
laboratory-reared flies. The release of 
large numbers of flies at one point under 
these somewhat abnormal conditions may 
have affected their migratory tendencies. 
The studies reported here were conducted 
under conditions more closely approach- 
ing the natural environmental conditions 
of the test flies. 

ProcEDURE.—The area selected for 
these studies was a portion of Effingham 
County near Savannah, Ga. It is consid- 
ered to be reasonably typical of the farm- 
ing section of the Atlantic coastal plain 
of the southeastern United States. The 
premises are from 75 mile to several miles 
apart, with extensive pine woodlands 
and low black gum and cypress swamp- 
lands frequently intervening. Structures 
comprising the farm units varied from 
isolated shacks to large dwellings with 
surrounding outbuildings housing _live- 
stock, chickens, and equipment. 

The techniques for obtaining, marking, 
releasing, recovery, monitoring, and iden- 
tification of the flies used in these two 
tests were the same as those employed by 
Quaterman e¢ al. (1954) in their studies of 
fly dispersal in urban areas. 


The property selected for the release 
point of the first test was a farm unit con- 
sisting of a large screened dwelling, three 
large barns housing livestock, several out- 
buildings containing equipment and farm 
supplies, and six large chicken houses 
containing approximately 10,000 chick- 
ens. This farm was considerably larger 
than the average unit, and was selected 
for its high fly population so early in the 
season. ‘he marked flies were released at 
dusk on the evening of April 29, 1951. 
One recovery trap was placed at each 
farm unit within a 2-mile radius of the re- 
lease point and at most of the premises 
within the 2- to 3-mile zone. Five traps 
were placed beyond the 3-mile zone. After 
the third day, three of the eight traps in 
the 1-mile zone and seven from other 
original points were removed and placed 
at new locations for various distances up 
to 8.25 miles (airline) from the release 
point. Traps were placed only on farm 
premises; none were placed in the open or 
wooded areas lying between the farm 
units. Molasses was used as bait on the 
first trapping day, but it failed to attract 
the flies effectively and the bait was 
changed to fish heads for the balance of the 
trapping period. Flies were trapped at 
several locations on the release point 
premises for approximately 1 hour on 
each of 7 out of 15 days following the re- 
lease of the marked flies. 

In the second dispersal test, five pre- 
mises were selected as release points, lo- 
cated at distances ranging from 1} to 3} 
miles of each other. Four of these formed 
a rough rectangle, with the fifth located 
near the center. This fifth unit was the 
same one used as the release point in the 
first dispersal test. The other four were 
selected from premises at which high re- 
coveries of tagged flies had been made in 
the first test, and represented more typ- 
ical farm units. The tagged flies in this 
test were released on June 19, 1951. 

Resutts.—In the first experiment, an 
estimated total of 13,500 Musca domestica 
and 600 others, mostly Callitroga macel- 
laria, were tagged and released on April 


1 Communicable Disease Center, Public Health Service, U. S. 
Department of Health, Education, and Welfare, Savannah, 
Georgia. 


413 








414 


JOURNAL OF Economic ENTOMOLOGY 


“ol. 47, No. 3 


Table 1.—Marked wild house flies in traps following release on a rural premises near Savannah, 


Georgia, April 30 to May 15, 1951. 









































Per Cent | No. Fires TRAPPED Per CENT 
Numser | Traps Post- | - 
MILEs FROM TRAPS TIVE FOR | Trapped Flies | Tagged Flies 
Revease Pornt; Opreratep |TagGep Fires | Total Tagged Tagged Recovered 
0.15-1.0 8 100 16,244 845 5.2 6.26 
1.1 -2.0 11 91 20,579 127 0.6 0.94 
2.1 -8.0 25 68 4,697 73 1.6 0.54 
3.1 -~4.0 8 63 802 14 27 0.10 
4.1 -5.0 3 33 864 1 0.1 0.01 
5.1 -6.0 Q 0 1,571 0 0 0 
6.1 -7.0 2 | 0 2 234 0 0 0 
7.1 -8.0 0 0 o | ae 0 0 
8.1 -9.0 1 100 50. 1 | 1.9 0.01 
| | 
Totals | 60 | 70 | 47,041 1,061 | 23 | 7.86 





29. The failure of the molasses bait to at- 
tract the flies resulted in the complete 
loss of data at the release point for the 
day following release and for 2 days at the 
other trapping sites. The percentage of the 
total house flies trapped at the release 
point on the second and third days after 
release which were found to be tagged, 
was 24 and 24.9 per cent, respectively. 
Therefore, it was estimated that about 25 
per cent of the total house fly population 
on the premises had been tagged. By the 
fifth day after release, only 4 per cent of 
the flies trapped on the release point pre- 
mises were tagged flies. They had declined 
to 2.8 per cent by the eighth day, 0.5 per 
cent by the twelfth day, 0.2 per cent on 
the fifteenth day, and no marked flies 
were recovered on the sixteenth day when 
trapping was discontinued at all locations. 
On that last date, however, 11 traps at 
premises away from the release point con- 
tained marked flies, ranging up to 3 per 
cent of the total catch for that day in 
some traps. 

It was not until the third day after the 
release that the outlying recovery traps 
operated effectively. On that day tagged 
flies were recovered in 11 traps ranging up 
to 3.7 airline miles and extending in all di- 
rections from the release point. Tagged 
flies were recovered in 20 traps on the 
fourth day and in 24 on the fifth day. 

Daily dispersal maps were prepared 
and the direction of fly movement com- 
pared with the prevailing wind directions. 
There was no detectable effect of wind 
direction on the movement of the flies. 

Almost 10 per cent of the total tagged 
house flies were recovered in traps. Ap- 
proximately 8 per cent were taken in traps 


located on premises away from the release 
point, the most distant being 8.25 airline 
miles away—the farthest point at which 
a trap was placed. Had a suitable bait 
been used during the first 2 days after 
release, the percentage of tagged flies re- 
covered probably would have been even 
greater. 

One of the most striking features of this 
release was the indication that the pre- 
mises selected as the release point con- 
tributed a high percentage of flies to the 
fly populations of surrounding premises. 
Tagged flies were collected in all of the 
traps operated in the area within 1 mile of 
the release point. Of the total house flies 
trapped in this 1-mile zone during the 
trapping period, 5.2 per cent were tagged 
flies (Table 1). When it is considered that 
an estimated 25 per cent of the flies pre- 
sent on the release point premises were 
originally tagged, it is reasonable to as- 
sume the tagged flies recovered in all 
traps represented approximately 25 per 
cent of the total flies migrating from the 
release point. On this basis of reasoning, 
over 20 per cent of the flies on the pre- 
mises within 1 mile of the release point 
migrated from the release-point farm, 2.4 
per cent in the 1- to 2-mile zone, 6.4 per 
cent in the 2- to 3-mile zone, and 6.8 per 
cent in the 3- to 4-mile zone. At some of 
the individual trapping sites, tagged flies 
on several occasions represented more 
than 15 per cent of the total house fly 
catch, suggesting that at least 50 per cent 
of the population may have migrated 
from the release point. 

In surveying the area prior to selection 
of a site for the release point, it was noted 
that the house fly population was gen- 
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Fig. 1.—Simultaneous dispersal of wild Musca 


rural area of southeast Georgia—June 20 to July 2, 1951. 


erally low over most of the area, but was 
relatively high at the point of release and 
was increasing rapidly. Results of the dis- 
persal test indicate rather strongly that a 
very high percentage of the flies over the 
large area covered by the traps originated 
at the release point, or were passing 
through there at the time test flies were 
trapped for marking. 

There were only a few premises in the 
area with such high fly breeding potential. 
From the results of these studies, it would 
appear that effective fly control early in 
the season at these relatively few high fly 
producing premises might effect sub- 
stantial fly reductions in a wide area. 

In the second test, flies from the re- 
covery traps were removed beginning at 
noon on June 20, following release of the 
marked flies after dark on the evening 
of June 19 at points I to IV, inclusive. 
Marked specimens were collected on this 
first day in 15 out of the 57 traps in 
operation, exclusive of those at the release 
points. Twelve of these 15 positive traps 
contained marked house flies, and ranged 
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\ 
\ 
he] 


domestica from five release points in a typical 


in distance up to 5 miles from the release 
points. Twenty-six traps contained 
marked flies on the second day, 25 on the 
third, and 24 for the week-end catch which 
was collected on the sixth day after re- 
lease. On the seventh day only 11 traps 
contained marked flies, 12 on the eighth, 
7 on the ninth, 5 on the tenth and only 2 
for the second 3-day week end ending on 
the thirteenth day, which was the last 
day the traps were operated. 

As in the first test, the flies moved in all 
directions simultaneously. Flies from three 
different release points were frequently 
recovered in the same trap on the same 
day. Centrally located traps often con- 
tained marked flies from two release 
points situated in opposite directions from 
the recovery traps in which they were 
caught. Figure 1 shows the composite dis- 
persal pattern of the house flies in this 
second release test and is representative 
of the general pattern of dispersal of all 
species in both tests. The farthest dis- 
tances at which marked flies were recov- 
ered were approximately 7{ miles for 
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Table 2.—Marked wild house flies recovered following release on five rural premises near Savan- 


nah, Georgia, June 20 to July 2, 1951. 
















































































0.1 2.1. O28 <) hl 4) .63 Ki | @2 | a 8.1 
TO to | To TO TO To | TO | TO TO 
Mites rroM Revease Pornt | 1.0 60 | 80 | 4.0 5.0 6.0 | 7.0 8.0 10.0 | Torats 
Release point I | 
(1,500 tagged flies released) | | 
No of traps operated 8 4 12 9 9 | 9 4 5 2 57 
% traps positive-tagged flies 100 100 42 44 0 | 0 0 0 0 28 
Total flies trapped | 6,546 |163,335 | 50,304 | 88,406 | 41,899 | 45,034 | 4,218 | 37,983 | 3,995 |440,980 
No. of tagged flies trapped 11 13 5 5 0 0 0 0 34 
% recovery-tagged flies | 0.73 0.87 0.33 0.33 0 0 0 0 0 2. 27 
Release point II 
(11,000 tagged flies released) 
No. of traps operated 1 5 10 12 12 5 8 3 1 57 
® traps positive- ~tagged flies 100 60 10 25 17 0 0 0 0 18 
fotal flies trap 2,109 |150,148 | 59,361 | 75,848 |100,954 | 6,492 | 9,899 | 7,109 | 22,279 |434,199 
No. of tagged hee eegped 10 20 1 5 2 0 0 0 0 38 
% recovery-tagged flies 0.09 0.18 0.01 0.05 0.02 0 0 0 0 0.35 
Release point III 
(5,400 tagged flies released) 
No. of traps operated 3 7 8 12 10 5 5 4 3 57 
% traps positive-tagged flies 100 57 63 17 20 20 20 25 33 
Total flies trapped 35,201 | 20,836 {151,204 {111,358 | 47,802 | 18,095 | 22,912 | 28,736 2,715 |438,859 
No. of tagged flies tmoged 4 12 10 2 2 1 1 0 77 
% recovery-tagged flies 0.87 0.22 0.18 0.04 0.02 0.02 0.04 0.02 0 1.48 
eee 
Release point IV | 
(7,700 tagged flies released) 
No. of traps operated 8 ll 9 8 9 + 7 4 2 57 
% traps positive-tagged flies 67 64 33 25 ll 25 14 0 0 30 
fotal flies trapped 17,299 |168,919 | 97,220 | 22,801 | 61,896 | 29,538 | 21,479 | 17,776 | 2,033 |438,961 
No. of tagged flies trapped 25 34 st 2 1 1 1 0 0 | 75 
% recovery-tagged flies 0.32] 0.43| 0.14] 0.03! 0.01} 0.01} 0.01 0 0} 0.97 
ee 
Release point V | 
(9,100 tagged flies released) | 
No. of traps operated 4 6 18 12 8 ¥ 4 | 2 1 | 57 
% traps positive- -tageed flies 100 50 $1 8 0 0 0 0 0 | 21 
Total flies trap | 79,495 | 30,246 |158,208 | $7,442 | 23,641 | 20,937 | 8,157 | 22,501 | 1,811 |$82,433 
No. of tagged Tes ies trapped 81 | 3 8 1 0 0 0 0 0 93 
% recovery-tagged flies | 0.89 | 0.03 0.09 0.01 0 0 0 | 0 | 0; 1.02 
Totals for all release points | | 
No. of traps operate 14 | 33 52 53 | 48 | 30 | 28 | 18 | 9} 285i 
% traps positive-tagged flies | 93 | 64 35 23 | 10 | 7 | a 6 | 0 26 
No. of tagged flies trapped 174 | 82 35 15 | 5 2 | 3 | 1 0 | 317 





1 A total of only 57 traps was used, but since each trap served for each of the 5 release points simultaneously and was located so it 
was a different distance from each of the various release points, each trap was equivalent to 5 traps for the purpose of the total figures 


in this section of the table. 


house flies in a west-southwesterly direc- 
tion and approximately 10 miles for Calli- 
troga macellaria in a northeasterly direc- 
tion. Both were recovered in the first week- 
end trap catch collected on the sixth day 
after release and which included a 3-day 
‘atch of flies. In considering these long- 
distance catches, it should be kept in mind 
that out of the 57 recovery traps in opera- 
tion, only from 3 to 7 of them were located 
more than 7 miles from the various release 
points. 

Tables 2 and 3 present data on the re- 
coveries of marked house flies and Cal- 
litrogra macellaria similar to that shown 
in table 1 for house flies in the first test. 
It will be noted from table 2 that the re- 
covery of marked house flies in the second 
release was much lower than that of the 
first test. The contrast may be seen 
clearly by comparing the data in table 1 
with that for release point V in table 2. 


The same premises was used as a release 
point in both tests. In the earlier study in 
May, almost 8 per cent of the marked 
flies were recovered away from the release 
point, as compared to only 1 per cent in 
the second test approximately 6 weeks 
later. The low recoveries of marked flies 
for the other 4 release points in June in- 
dicate that the recovery data for release 
point V were representative of conditions 
prevailing at that particular time. 

There is no ready explanation for the 
low recovery of marked flies in the second 
test. The fly population was much greater 
throughout the test area in June than 
during early May. Based on the total 
number of house flies taken in the 60 re- 
covery traps during 14 days of trapping 
(47,041) in May as compared to that 
taken in 57 traps during 13 trapping days 
in June (440,980), the total house fly 
population in the general test area was 
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Table 3.—Marked wild Callitroga macellaria recovered following releases on five rural premises 


near Savannah, Georgia, June 20 to July 2, 1951. 










































































| 
@.3 | ts 2.1 3.1 4.1 5.1 6.1 7.3 s.1 
TO TO TO TO TO TO TO TO TO 

MILEs FROM Reveasr Point } 1.0 | 2.0 3.0 4.0 5.0 6.0 7.0 8.0 10.0 | Torats 
Re nlease point I | | | 

(250 tagged flies released) 

No. of traps operated | 3 | 4 12 | 9 9 9 4 5 2 57 

% traps positive-tagged flies | 67 25 25 0 ll ll 0 0 0 14 
Total flies trapped | 1,031 | 1,692 | 7,212 | 5,406 6,163 | 5,221 | 2,977] 9,848 | 2,538 | 42,088 
No. of tagged flies trapped 2 1 4 | 0 0 0 0 9 

% recovery- r-tagged flies | 0.80 0.40 1.60 | 0 0.40 0.40 0 0 0 3.60 
Relea ase point I | | 

(75 tagged flies released) } 

No. of traps operated | 1 5 10 12 12 5 8 3 1 57 
% traps positive- tagged flies 0 0 10 8 8 0 0 0 0 5 
Total flies trap | 987 1,735 | 4,874 | 7,489] 7,899 | 3,412] 10,671] 4,448 1,561 | 42,376 
No. of tagged fee Ltsonped 0 | 0 3 1 1 0 0 0 0 5 

% recovery-tagged flies | 0 0 4.0 1.33 1.33 0 0 0 0 6.67 
Release point III | 

(50 tagged flies released) | 

No. of traps operated 3 7 8 12 10 5 5 4 3 57 
% traps positive-tagged flies 67 0 0 0 0 0 0 0 4 
Total flies trapped 3,757 | 3,544] 2,952 | 9,029 | 11,487] 4,941] 1,925] 3,536 | 1,087 | 42,218 
No. of tagged flies trapped 2 | 0 0 0 0 0 0 ( 

% recovery- ~tagged flies | 6.00 | 0 0 0 0 0 0 0 0 6.00 
Release point IV | | 
(1,000 tagged flies released) | | 
No. of traps operated 3 | 1l 9 8 9 + 7 4 2 57 
} traps positive-tagged flies 100 64 67 50 11 25 0 0 50 40 
Total flies trapped 1,335 | 6,867] 5,918| 6,998 | 8,696 | 2,196] 5,362] 3,758 785 | 41,915 
No. of tagged flies trapped 24 22 12 5 2 1 0 0 1 67 
% recovery- tagged flies 2.40 2.20 1.20 0.50 0.20 0.10 0 0 0.10 | 6.70 
Release point V | | 
(100 tagged flies released) | | 
No. of traps operated 4 6 13 | 12 | 8 7 4 2 1 57 
% traps positive-tagged flies 25 17 15 | 18 | 0 0} 0 0 0 11 
Total flies trapped 1,687 | 2,047 | 9, 313 7,802 | 4,257 | 8,874 | 5,600 | 1,680 666 | 41,926 
No. of tagged flies trapped 1 1 0 | 0 | 0 0 0 | 
% recovery- y-tagged flies tk 5. 00 ; 1.00; 38. 00 | &. 00 | 0 | 0 | 0} 0 0; 7.00 
Totals for all release points | | | | | | | 
No. of traps operated 14 | 33 | 52 53 | 48 | 30 | 28 18 9 | 285! 
o> traps positive-tagged flies 57 | 27 | 23 | 18 | 6 | 7 | 0 0 11 | 15 

Xorot tagged flies trapped | 30 24) 22| 8 4) Q 0 0 1/91 














_ 1A total of only 57 traps was used, but since each trap served for each of the 5 release points simultaneously and was located so 
it was a different distance from each of the various release points, each trap was equivalent to 5 traps for the purpose of the total 


figures in this section of the table. 


approximately 10 times greater during 
the second test period. The prevailing 
temperatures were also considerably 
higher during the second test, and the 
recovery traps were somewhat more dis- 
persed. 

From the data in tables 2 and 8, it will 
be noted that most of the marked house 
flies and Callitroga macellaria which were 
recovered were trapped within 3 miles of 
the respective release points. From these 
tables it may be seen that the dispersal 
patterns of house flies and C. macellaria 
were quite similar. However, it has been 
generally considered that C. macellaria 
are more migratory in their habits than 
house flies, and the higher rate of recover- 
ies of the marked C. macellaria tends to 
substantiate that belief. If the numbers of 
(’. macellaria released in the tests had 
been more comparable to the numbers of 
house flies, the greater migratory habits 


of the former may have been more clearly 
demonstrated. 

In analyzing the recovery data, con- 
sideration must be given to the fact that 
the areas within 1 mile of the release 
points were, in general, more adequately 
trapped than the more distant zones. The 
land area per trap in operation increased 
greatly in each succeeding 1-mile zone 
around the release points. Consequently, 
the fact that most of the marked flies were 
recovered within the first 1-mile zone 
around the release points does not nec- 
essarily mean that most of the tagged 
flies remained within 1 mile of the release 
points. If the average number of marked 
flies recovered per trap in the respective 
1-mile zones were multiplied by a cor- 
rection factor to equalize all traps on the 
basis of land area served, the results 
would indicate that most of the tagged 
flies moved out beyond the 1-mile zone. 
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Table 4.—Wild flies recovered! in traps following releases on five rural premises near Savannah, 


Georgia, June 20 to July 2, 1951. 























Callitroga Sarcophaga 
RELEASE Point Musca domestica macellaria Phaenicia spp. SPP. Misc. SPECIES 
I 1,500 (2.3) 250 (3.6) 30 (7)2 30 (0) 10 (20)? 
I 11,000 (0.4) 75 (6.7) 15 (0) 30 (0) | 15 (20) 
Ill 5,400 (1.4) 50 (6.0) 35 (6) 70 (0) / —-10(0) 
IV 7,700 (1.0) 1,000 (6.7) 100 (0) 200 (1.5)5 100 (0) 
V 9,100 (1.0) 100 (7.0) 5 (0) 20 (0) 10 (0) 
Totals — 34,700 (0.9) “1,475 (6. 2) 185 (2.2) 350 (0.9) 145 (1. 4) 





1 Per cent recovered given in parentheses. 


2 One Phaenicia sericata recovered 2.25 miles from release point and one P. caeruleiviridis recovered 0.8 mile, both on the second 


day after release. 


3 One a leucostoma recovered 2.8 miles from release point on first day after release, and one 


the second day after release. 


4 Two P. 


Muscina stabulans 0.8 mile on 


sericata recovered 0.75 and 1.2 miles from release point, respectively, both on the second day after release. 


5 One Sarcophaga sueta recovered 1.3 miles from release point in week-end catch including the 4th to 6th days after release; one 
S. bullata 0.8 mile on the 7th day; and one S. sueta 2.7 miles on the 8th day. 


This was especially true for the blow flies. 
As the flies were dispersed over larger 
areas as the distance from the release 
points increased, the density of the 
marked flies naturally decreased. 

Table 4 also shows the recoveries of 
other species of marked flies. These re- 
coveries must be considered as isolated 
flight records, since the numbers involved 
were too small to be of any substantial 
significance. 

The speed with which the marked flies 
tended to move away from the release 
points is indicated by the data in table 5, 
which also indicates the percentage of the 
total fly populations which were marked 
on each of the release point premises. The 
percentages of flies marked at the release 
points, as indicated by the trap catches 
on the day following the releases, were in 
general agreement with observations of 
the fly populations on the respective 
premises at the time the flies were origi- 
nally trapped for marking. The population 
at release point I was quite low and, while 
the figure 94 per cent for the proportion 
of marked flies in the population on the 


premises the day after release may appear 
high, it is the opinion of the writers that 
it is not too greatly in error. The percent- 
ages at release points II, III, and [V were 
well correlated with the observed fly 
populations. The figure for release point 
V is considered a little low, although the 
size of the premises and the enormous fly 
population which it produced and _ sus- 
tained, made it impossible to obtain any 
accurate visual estimate of the fly popula- 
tion. 

From table 5, it will be noted that in 
most instances the marked flies appar- 
ently moved out rapidly to other loca- 
tions. Within a few days the majority of 
marked flies had moved on from the re- 
lease points. This rapid movement was 
substantiated by the large number of 
positive collections the first 3 days follow- 
ing the releases. As in the first test, 
marked flies continued to be taken in the 
recovery trap away from the rele: ise 
points after they ceased to be taken in 
traps at the release point. 

The speed with which the marked flies 
left the release points, and their dispersal 


Table 5.—Per cent of house fly population represented by tagged flies trapped at five release points 
in rural areas of southeast Georgia at indicated intervals following their release. 








TRAPPING 








| 
RELEASE | PreriIop 
Port | (1951) /1|2|]s|4 
I June 20-July 2 | 94 | 20 | 10 | _ 
II June 20-July 2 | 24 | 11 9}— 
III June 20-July 2 | 14) 5); 6] — 
IV June 20- July 2 | 56 | 82 | 25 | — | 
V} June 22 July Q ‘. 4;/—j|—| 8} 
V_ | Apr. 30- May 15| — | 24 | 25 | — | 


10 


Days Arrer RELEASE 





6 | 7} 89/10] 11/12] 13{ 14] 15 
—| 2/08/14] 0} —| — 0| — — 
6} 2} 1/05} 1}—|—| o/—}— 
1/ 1/05} 0} 0) —|—|—]—}|— 

7/ 8] 1] 8/2@|/—|—/] 1]/—|- 
}0.1/03}02} —|—jo1r) — | —} —}| — 
seed Des (BA RE peg eS te a Pom 


4 | 





1 Trap operated full time at this point and only 1 hour per day at all other sites. 


2 Represents a 3-day catch accumulating over a week end. 
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patterns based on the marked flies re- 
covered, indicate that a very large ma- 
jority of house flies and Callitroga macel- 
laria, and perhaps other common species 
of blow flies, are constantly moving about 
probably at random within an area 8 to 10 
miles in diameter, with some individuals 
dispersing even more widely. Within this 
area there appears to be a constant inter- 
change of fly populations, with larger 
numbers concentrating at locations hav- 
ing more favorable supplies of food and 
breeding materials. Most of the premises 
used in these tests provided ample food 
and breeding material for flies. The fact 
that they left such places in great num- 
bers and were frequently recovered in less 
desirable situations clearly demonstrates 
that flies normally range over a relatively 
large area in a manner similar to that ob- 
served for many higher forms of animal 
life. That flies, as other forms of life, 
have a “living space” in which they live 
has always been recognized, but the re- 
sults of these tests indicate that> this 
“living space” for house flies, at least, 
is much larger in area than was previously 
supposed. 

SumMMARY.—Dispersal tests were con- 
ducted in rural areas of southeast Georgia 
with natural populations of wild house 
flies and Callitroga macellaria, obtained 
by trapping adult flies on the rural prem- 
ises used as the release points. They 
were marked with radioactive phosphorus 
by feeding them milk containing P-32. 
The marked flies were released on the 
same premises on which they originally 
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had been caught. To minimize the effects 
of the temporary caging, the releases of 
the marked flies were made at dusk after 
it had become too dark for them to mi- 
grate. 

In a test conducted the first part of 
May, only one release point was used. In 
a second test during the latter part of 
June, five release points were used simul- 
taneously. Dyes were used in combination 
with P-32 to mark the test flies. House 
flies were recovered up to 5 miles from the 
release points in less than 24 hours after 
release. The range and pattern of flight of 
the house flies in these tests were quite 
similar to those of Callitroga macellaria, 
although the higher percentages of C. 
macellaria taken in the recovery traps 
tended to substantiate the general belief 
that it is the more migratory of the two 
species. 

In both tests the flies apparently dis- 
persed at random over an area 8 to 10 
miles in diameter, with a few individuals 
being trapped up to 10 miles from the re- 
lease point. Within the general dispersal 
area, the flies tended to congregate more 
at premises where food and breeding ma- 
terial were more favorable. The avail- 
ability of these materials, however, did 
not prevent great numbers of flies from 
leaving any given location, indicating 
that movement over this relatively large 
area is a normal pattern of fly activity. 
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Experimental Epidemiology in Relation to 
Arthropod-borne Disease! 


Henry S. 


The purpose of this paper is to indicate 
certain potentialities inherent in the appli- 
cation of the principles and methods of 
experimental epidemiology to basic prob- 
lems of arthropod-borne disease. The aims 
of experimental epidemiology are to study, 
under controlled laboratory conditions, 
the factors which govern fluctuations in 
the behavior of mass disease. The present 
discussion is concerned with four main 
topics: (a) basic principles in experimen- 
tal epidemiology; (b) applications of 
quantitative methods, with particular 
reference to determinations of vector 
efficiency; (c) experimental models in 
which one studies systems composed of 
populations of suitable vectors, of patho- 
gens, and of susceptible animal hosts; and 
(d) the broader aspects of these experi- 
mental approaches. 

EXPERIMENTAL EpripemioLocy.—Basie 
Principles.—In_ epidemiologic studies of 
human disease, the unit of observation is 
the human population or “herd” (Wilson 
& Miles 1946). Thus one’s terms of refer- 
ence are taken from the group and from 
the behavior of disease in this unit. The 
characteristics of a population do not cor- 
respond to the summation of the char- 
acteristics of each of its members. A 
population possesses an individuality of 
its own, just as a person has his own indi- 
viduality. Herein lies a fundamental dif- 
ference between the point of view of 
epidemiology and that of clinical medi- 
cine, where one is concerned mainly with 
the individual. 

The factors governing mass disease 
are classed broadly as the causative agent, 
the human host, and the environment 
(Gordon 1952). Environmental influences 
are grouped according to physical, bio- 
logical, and social (including cultural and 
economic) components. When viewed in 
this context, epidemiology is medical 
ecology (Burnet 1953), and the principle 
of multiple causation follows logically 
therefrom. Since the elements of field and 
laboratory ecology (Allee e¢ al. 1949) are 
familiar to the well-rounded entomolo- 
gist, itis necessary merely to indicate cer- 
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tain aspects of their application to prob- 
lems of infectious disease in general and 
arthropod-borne diseases in particular. 

The primary biological units of study 
are populations of pathogenic micro-organ- 
isms, populations of vectors, and popula- 
tions of animal hosts. Each of these popu- 
lations has its fundamental requirements 
of nutrition, shelter, reproduction, and 
dispersion, for perpetuation as a species. 

A pathogenic micro-organism usually 
requires a host in which to multiply. Since 
no individual host is immortal, the popu- 
lation of pathogens within this host must 
somehow get access to another host of the 
same or of a different species. Circum- 
stances may arise, however, in which suit- 
able: hosts are not available, or means of 
transmission are not effective in sufficient 
degree to satisfy the requirements of our 
pathogen. Consequently this organism 
must possess adaptations which enable 
it to survive adverse circumstances (An- 
drewes 1950). 

Thus the familiar requirements of 
higher organisms are seen to be shared by 
pathogenic micro-organisms. In studying 
the ecology of an arthropod-borne dis- 
ease, one is concerned with the ecologic 
niche occupied by each of the living things 
involved, and with the effects of environ- 
mental factors upon each, as well as their 
relationships with the communities of 
which each organism is a member. In 
other words, the epidemiology of an ar- 
thropod-borne disease is a problem in 
the synecology and autocology of patho- 
gen, vector, and host. It is reasonable 
to suppose that a promising experimental 
approach to such problems lies in con- 
trolled laboratory investigations designed 
to test and extend the qualitative and 
quantitative relationships suggested by 
epidemiologic field observations. 


Pap Paper. 

1 Presented as an invitational address at the annual meeting 
of the Entomological Society of America, held at Los Angeles, 
California, December 7-10, 1953. For constructive criticism, the 
writer is grateful to Doctors Dale W. Jenkins, John E. Gordon, 
Ross Gauld, D. L. Augustine, J. C. Snyder, and Robert Traub. 
_ 2 From the Department of Entomology, Army Medical Serv- 
ice Graduate School, Walter Reed Army Medical Center, Wash- 
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ApPpLicATIONsS.—A primary problem in 
experimental epidemiology is the choice 
and design of laboratory investigations 
so that they have some bearing upon 
natural phenomena. Studies which lack 
this quality may be of even greater basic 
importance in other fields, but they have 
an air of academic unreality in the context 
of experimental epidemiology. Feasibility 
of performance is another criterion of 
equal importance. This aspect involves 
biological and technical questions which 
concern the etiologic agent, the arthropod 
vector, and the experimental host. 

Finally, since the study of inter-rela- 
tionships is an important objective, a 
quantitative approach is essential. In the 
case of many arthropod-borne diseases, 
present knowledge is on a sound and often 
adequate qualitative basis. The problem is 
to develop and refine quantitative meth- 
ods in microbiology and entomology which 
are suitable for measuring the _ inter- 
relationship which it is proposed to study. 

Vector Efficiency—a. Definition and 
Determination: Vector efficiency, as de- 
fined with respect to transmission of 
plague by fleas (Wheeler & Douglas 1941, 
1945), is an experimentally determined 
numerical value which represents the 
average number of transmissions effected 
by a given individual of a particular 
species of vector under precisely defined 
and controlled conditions. This average 
number of transmissions is the mean of 
what is theoretically a normal distribution 
of such averages. Since it is determined 
under controlled conditions of transmis- 
sion to laboratory animals, one must 
exercise extreme caution in trying to 
apply the results to problems of trans- 
mission to human beings. Although this 
limitation is not serious from the stand- 
point of experimental epidemiology, its 
existence must be clearly recognized. 

Applications of the concept of vector 
efficiency to experimental studies of 
plague (Wheeler & Douglas 1941, 1945; 
Burroughs 1947; Holdenried 1952) have 
shown that it is a useful and productive 
tool, particularly when one desires to 
evaluate quantitatively the role of various 
determining factors. Hence the concept 
merits detailed consideration. 

A clear illustration of what is meant is 
provided by the hypothetical example of 
Wheeler & Douglas (1945), where vector 
efficiency is the numerical product of three 
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experimentally determined potentials: in- 
fection potential, vector potential, and 
transmission potential. Their example 
is paraphrased as follows: (a) 100 arthro- 
pods of a given species are offered poten- 
tially infective meals and 80 acquire the 
infection (the presence of the pathogen 
can be demonstrated in each of these 80 
individuals); the infection potential is 0.8. 
(b) Of these 80 infected arthropods, 40 
become infective, i.e., they become po- 
tentially capable of transmitting the in- 
fection if the opportunity arises; the vec- 
tor potential is 0.5. (c) Each of the 40 in- 
fective arthropods is offered numerous 
opportunities to transmit, until the last 
one has died, and the total number of 
transmissions effected is 80; the trans- 
mission potential is 2. The vector efficien- 
cy thus determined is 0.8X0.5X2=0.8. 
Thus, under the conditions of the experi- 
ment, this arthropod effected a mean of 
0.8 transmissions per individual. What are 
the biological and technical require- 
ments which must be satisfied before each 
of these three potentials can be deter- 
mined, by critical experiments, for a given 
combination of arthropod, pathogen, and 
susceptible host? 

General biological and technical re- 
quirements for determination of vector 
efficiency include the following: (a) a 
dependable source of non-infected arthro- 
pods; (b) methods for experimental feed- 
ing which permit control of dosage; (c) 
a host species which the pathogen will 
infect and on which the arthropod will 
feed readily; and (d) reliable methods for 
detecting and counting the pathogen. 
These requirements are more easily stated 
than satisfied, a fact which soon becomes 
apparent to those who undertake this 
sort of work. 

When the mode of egress of the patho- 
gen from the arthropod is such that 
transmission ordinarily takes place only 
at the time of feeding (an act which can 
be observed), and when the vector is one 
which takes multiple feedings, it is theoret- 
ically possible to apply the concept of 
vector efficiency to the design of experi- 
ments. The above points are best illus- 
trated by concrete examples. Given below 
is a self-explanatory summary of the cur- 
rent status of limiting factors in the 
feasibility of determining vector efficiency 
in those cases where it is theoretically 
applicable. 
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Summary—Vector-pathogen combinations to which the concept of vector efficiency is theoretically 


applicable! 








CurRENT Masor Limitina Factors 1In EXPERIMENTAL DETERMINATION 


Group 


or Vector EFFICIENCY 


A Aaieatie none, sheaclen dctetiainations are feosible. 


1. Fleas and Pasteurella pestis 


> St em 20 


. Fleas and Rickettsia mooseri (See text) 

. Certain mosquitoes and virus of yellow fever 
. Tsetse flies and Trypanosoma spp. 

. Ornithodoros ticks and Borrelia spp. 
Triatominae and Trypanosoma spp. 


B Suitable methods for rearing and maintaining the vector must be developed. 
1. Culicine mosquitoes and virus of Japanese B encephalitis 
2. Allodermanyssus sanguineus and Rickettsia akari. 
C Although the vector (certain species) can be reared, and experimental animals are susceptible 
to the pathogen, infection in these animals involves highly specialized problems which must 
be clarified before vector efficiency determinations are feasible. 


1. Phlebotomus and Bartonella bacilliformis 


2. Phlebotomus and Leishmania spp. 


D Man is the only known suitable host for the pathogen, 
(a) but suitable methods for rearing and maintaining the vector are available. 
Anopheline mosquitoes and Plasmodium spp. 
2. Various mosquitoes and Wuchereria spp. 
3. Mosquitoes and virus of dengue fever? 
(b) and suitable methods for rearing and maintaining the vector must be developed, 
1. Simulium spp. and Onchocerca volvulus* 


2. Chrysops spp. and Loa loa 


3. Culicoides spp. and Mansonella ozzardi, Acanthocheilonema perstans, and Dipelatonema 


streptocerca. 





1 See text for discussion of vector- er yoni combinations which are not listed in the table. An unmodified concept of vector effi- 
(00 


ciency is theoretically applicable to b 


d-sucking arthropods which feed more than once, provided the mode of egress of the pathogen 


from the vector at the time of feeding is such that transmission potential can be determined by direct experiments. 

2 The intracerebral route of inoculation of mice as hosts for mouse-adapted strains of dengue virus (Sabin 1950), and the problem 
of the occurrence of viremia in the mouse, limit the suitability of these animals for transmission experiments. 

3 Although several species of large African wild mammals are hosts for a worm which is indistinguishable from the human pathogen, 
the feasibility of performing experiments with these animals is questionable. 


In the case of fleas and murine typhus, 
if an infected flea is passing viable rickett- 
siae in its feces, it is presumably entitled 
to be called an infective insect. The inges- 
tion of infected fleas might also serve to 
infect a susceptible host (Nicolle eé al. 
1933). Furthermore, owing to the viability 
of rickettsiae in flea feces (Blanc & Balta- 
zard 1937), it is conceivable that suscepti- 
ble hosts may become infected at a time 
when living fleas are not actually present. 
Hence an application of vector efficiency 
to fleas and murine typhus should be ac- 
companied by further studies of the eco- 
logic complex involved. 

In the case of louse-borne epidemic 
typhus, infection petential depends upon 
the dosage of organisms ingested, and in- 
fectivity potential can be determined ex- 
perimentally (Fuller 1953). Owing to the 
viability of the rickettsiae in louse feces 
(Chao 1949), as well as the indiscriminate 
defecatory habits of the human body 
louse (Buxton 1947), transmission is not 
limited to a definite, observable act on 
the part of the vector. Since transmission 
potential consequently cannot be meas- 


ured, it follows that vector efficiency can- 
not be determined. In the case of louse- 
borne typhus, it would seem that host and 
environmental factors enhance or decrease 
transmission insofar as they affect: (a) 
the dynamics of the louse population, 
(b) the elaboration of rickettsiae by in- 
fected lice, and (c) the viability of rickett- 
siae in louse feces. Although quantita- 
tive studies of certain aspects of these 
phenomena (Buxton 1947, Fuller 1953, 
Chao 1949) have yielded pertinent infor- 
mation, an attempt to integrate this infor- 
mation serves only to re-emphasize the 
importance of human activities as they 
affect the obligatory human _ parasite, 
the human body louse. Hence an attempt 
to define or determine vector efficiency in 
this instance would seem to be unrealistic 
and unproductive. 

In the case of body lice and relapsing 
fever, determinations of infection poten- 
tial and vector potential might be of inter- 
est with respect to comparative studies 
of lice infected with strains which are 
usually tick-borne (Baltazard et al. 1947). 
In the natural transmission of louse-borne 
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strains, the spirochetes apparently get 
out of the louse only when the insect is 
crushed (Wenyon 1926). Hence an indi- 
vidual infective louse can effect only a 
single transmission (Buxton 1947). This 
limiting factor consequently determines 
that transmission potential cannot be 
greater than vector potential in this 
instance 

In the case of pathogens which are 
transmitted by ixodid ticks or by trom- 
biculid mites, determination of vector 
efficiency in the usual sense is complicated 
by three facts: (a) the vector ordinarily 
feeds only once in a given stage; (b) trans- 
stadial passage (i.e., larva to nymph, or 
nymph to adult) of the pathogen often 
occurs; and (c) transovarial passage often 
occurs. These generalizations apply to 
tick-borne rickettsioses of the spotted 
fever group, to tick-borne viruses such 
as those of Colorado tick fever and far 
eastern tick-borne encephalitis, to tick- 
borne tularemia, and to scrub typhus. 
In such instances, one desires experimen- 
tal determinations of the percentages of 
trans-stadial and transovarial transmis- 
sions which occur, observations of trans- 
mission potentials for the single feeding 
of individuals of a given instar, and further 
studies of the longevity of rickettsiae 
(Parker 1948) and of Bacterium tularense 
(Parker 1933) in tick feces. These systems 
may actually be more suited to the type 
of experimental approach described in 
the following section. This remark may 
apply also to transmission of relapsing 
fever by Ornithodoros ticks, and to trans- 
mission of rickettsial pox by Allodermanys- 
sus sanguineus. 

b. Relation to Natural Phenomena: 
Transmission of a pathogen occurs if an 
infective vector makes adequate and effec- 
tive contact with a susceptible host. Since 
vector efficiency is a major determinant 
of effective contact, one desires informa- 
tion concerning effects of host, agent and 
environmental factors upon vector effi- 
ciency of an actual arthropod population. 
‘xamples of important properties of the 
vector itself are: longevity, frequency of 
contact with man or other hosts, and num- 
ber and frequency of feedings. These more 
obvious factors relate not only to the indi- 
vidual arthropod, but also to the arthro- 
pod population. Certain pertinent proper- 
ties of the agent include: presence or ab- 
sence of multiplication within the vector 
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(Huff 1931), mode of egress from the 
vector, viability outside the vector, and 
any possibly harmful effects upon the 
vector. 

Examples of the role of environmental 
factors in their direct and indirect effects 
upon vector efficiency are too numerous 
and diverse to be presented adequately. 
Classic examples of direct effects are pro- 
vided by field and laboratory observations 
of plague and fleas (Meyer 1942). A very 
subtle indirect effect of an environmental 
factor upon vector efficiency has been de- 
scribed in the case of the transmission of 
African trypanosomiasis by tsetse flies 
(Burtt 1946). Flies which emerged from 
pupae which had been incubated at a 
certain temperature were significantly 
more efficient vectors than were flies 
hatched from pupae incubated at a lower 
temperature. Although the explanation is 
not apparent, the fact is established, and 
its importance to the epidemiology of 
trypanosomiasis is clear enough (Buxton 
1948). 

c. Summary: When technical difficul- 
ties have been surmounted, determination 
of vector efficiency can be applied to a 
variety-of combinations of arthropod and 
pathogen, provided that transmission is 
associated with a definite and observable 
act of the vector. The value of the con- 
cept of vector efficiency has been demon- 
strated by the results of its application to 
quantitative experimental studies of 
plague and fleas. The use of this type of 
quantitative method enables comparative 
studies of two different species as vectors, 
as well as measurement of the effect of 
various important factors upon a particu- 
lar species as a vector. Since the experi- 
ments can be so designed that the results 
have a direct bearing upon natural phe- 
nomena, such studies are properly regard- 
ed as quantitative experimental epidemi- 
ology. 

EXPERIMENTAL MOpELS OF THE Sys- 
TEM COMPOSED OF ARTHROPOD-PATHO- 
GEN-Host.—Laboratory studies of popu- 
lations of pathogenic organisms main- 
tained together with populations of suit- 
able animal hosts have provided basic 
quantitative information on the natural 
history of infectious disease. Some exam- 
ples of this sort of investigation have been 
conveniently summarized (Wilson & Miles 
1946). The principle is to select hosts of 
a convenient species, and a pathogen 
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which spreads among them. An epidemic 
is initiated in the test animal population, 
and the ensuing events are observed under 
the controlled conditions of the experi- 
ment. These conditions are such as to en- 
able measurements of the effects of vari- 
ables on the course of this artificial epi- 
demic. Hence such studies are a sound 
approach to experimental epidemiology. 

Application of analogous principles and 
methods to a specific arthorpod-borne dis- 
ease is exemplified by the work of Ber- 
tram (1953). His observations concern 
mite transmission of a filarial worm among 
cotton rats. As Bertram points out, this 
is “the only filarial infection with which 
one can hope to set up and study in the 
laboratory one’s own epidemic, or en- 
demic state of a filarial infection with pros- 
pects of observing its evolution and char- 
acteristics in a not unreasonable period of 
time.” Further advantages mentioned by 
Bertram are the ease of maintenance of 
cotton rat filariasis as a laboratory strain, 
and the ease of detecting and counting 
the worms during different stages of de- 
velopment in the mite and in the rat. 
Furthermore, the biology of the mite is 
sufficiently well known to enable ‘the de- 
sign of precise experiments. Bertram’s ob- 
servations of this model have shed light on 
some of the problems of human filariasis. 

Since this type of approach is apparent- 
ly fruitful, the possibility of its application 
to other problems of arthropod-borne 
disease merits consideration. Further dis- 
cussion is devoted to three general topics: 
desirable characteristics of a suitable ex- 
perimental model, examples of specific 
systems as experimental models, and a 
recapitulation. The present aim is to deal 
with principles rather than methodology. 

Characteristics of a Suitable Experimen- 
tal Model.—It was not by mere chance 
that Bertram’s work was done with an 
almost ideal experimental model, for 
several years of critical thinking and pains- 
taking observations preceded these par- 
ticular studies. In attempting to evaluate 
other possible experimental models, at- 
tention must be given to properties of the 
pathogen, the vector, the animal host, 
and the immediate and general experi- 
mental environments. 

a. General Considerations: Initial stud- 
ies should be made of a model composed 
of populations of not more than one species 
each: pathogen, vector, and animal host. 
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The operator must have adequate first- 
hand acquaintance with the characteris- 
tics of each component of the system be- 
fore he puts them together as a model. It 
is well if the model is one which can be 
expected to give results in a reasonable 
period of time. Ease and simplicity of initi- 
ation and maintenance are desirable, and 
provision for introduction and control of 
variables is essential to the purpose of the 
study. It is not necessary that the system 
be one in which transmission is limited to 
a definite observable act on the part of 
the vector. 

b. Pathogenic Agent: Desirable features 
include: ease of maintenance of the 
strain; a simple and reliable method for 
detecting and counting the micro-organ- 
ism; simple methods for control of dos- 
age; and minimal danger in the case of 
accidents. Dangers to immediate personnel 
are often reduced if a method for active 
immunization and a satisfactory thera- 
peutic agent are available. From the 
standpoint of danger to the public, such 
experiments may be more easy to justify 
if they are performed only in a geographi- 
cal locality where the vector and the agent 
have already been shown to occur under 
natural conditions. If the agent is one 
which survives in arthropod feces, or one 
which may result in a droplet-trans- 
mitted infection, the risk of air-borne 
infection is thereby increased. The ad- 
vantages of using an animal pathogen 
which is non-pathogenic for man have 
been demonstrated (Bertram 1953), and 
further studies of analogous systems would 
undoubtedly be productive. 

c. Vector: It is obvious that test-tube 
experiments must be performed with 
small numbers of non-infected and _ in- 
fected vectors, before one undertakes to 
study populations of infected arthropods. 
It is essential that a suitable method for 
continuous laboratory colonization of 
vectors free from infection be available. 
The ecologic life cycle and the biology of 
the vector must have been worked out. 
Since it is desirable to account for each 
individual in the arthropod population, 
ease of confinement and enumeration 
are important considerations. Speed and 
means of movement are also relevant. 
For example, crawling arthropods are 
more easily handled than those which hop, 
and these, in turn, more easily than flying 
insects. 
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One needs to know how exacting are 
the requirements of the vector population 
with respect to environmental factors. 
For example, Ornithodoros ticks are much 
more resistant to starvation and desicca- 
tion than are most other arthropods. 
Finally, although it is helpful if the pres- 
ence of infection in a given individual 
can be demonstrated at a_ particular 
moment without harming the vector or 
altering the experiment, this may be 
very difficult to achieve in practice. 

d. Animal host: It is essential that the 
experimental vertebrate be a_ suitable 
host for the agent and for the vector. 
This usually implies that the vertebrate 
is one in which the agent multiplies, and 
one on which the vector feeds. It is also 
essential that the response of the animal 
to infection can be detected and measured 
by techniques which give reliable and re- 
producible results. A host which destroys 
the vector, often eating it, is undesirable; 
for example, rodents may eat their ecto- 
parasites and birds may eat mosquitoes. 
Experiments are facilitated if the verte- 
brate chosen is of relatively small size, 
easy to obtain, confine and maintain, 
and relatively inexpensive. In some in- 
stances one may wish to use a mammal 
which hibernates, or which breeds within 
the container in which the experiment is 
housed. All things considered, therefore, 
it is reasonable to think first of looking 
for experimental hosts among smaller 
mammal species, particularly rodents. 

e. Environment: the container in 
which the experiment takes place and the 
design of a suitable laboratory are ques- 
tions of methodology which are beyond 
our present scope. Several advantages are 
inherent in choosing a geographical area 
in which the presence of the vector and 
the pathogen have already been demon- 
strated. The matter of potential danger 
from accidental contamination of the 
environment by vector or pathogen de- 
serves re-emphasis. It may be easier to 
perform the experiments in an environ- 
ment where the natural occurrence of the 
component organisms indicates that local 
conditions are favorable. Furthermore, 
one may wish to obtain the components of 
the system from conveniently located 
natural sources. 

Specific Systems as Possible Experi- 
mental Models.—Of the many conceivable 
systems composed of a human pathogen, 
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an arthropod vector, and an animal host, 
six have been selected for discussion here. 
Each is conceived as consisting of popula- 
tions of the three component species, and 
each is discussed in connection with a 
model in which a species of rodent serves 
as the experimental host. 

a. Fleas and Plague: Examples of ques- 
tions which might be put to this model 
are: How do ambient temperature and 
relative humidity affect the course of en- 
zootic and epizootic plague? Given com- 
parable conditions otherwise, what is ob- 
served during a flea-transmitted outbreak 
among captive wild rodents (e.g., ground 
squirrels), as opposed to an outbreak 
among captive commensal rats? Do we 
observe changes in properties (e.g., viru- 
lence) of Pasteurella pestis during the 
course of our artificial outbreak? What 
are the effects of absolute and relative 
population sizes of fleas and rodents upon 
the course of an outbreak? In what ways 
is the course of an outbreak modified by 
the various means used to initiate it? Is 
the presence of living infected fleas nec- 
essary to the maintenance of plague in- 
fection in the rodent population? 

b. Fleas and Murine Typhus: Ques- 
tions analogous to those concerning fleas 
and plague are applicable to experimental 
models of fleas, rodents, and murine 
typhus rickettsiae. One could also submit 
to the model a question which has arisen 
in the course of attempts to evaluate the 
effectiveness of murine typhus control 
measures: Is the proportion of rats, in 
which significant levels of specific anti- 
body to murine typhus can be demon- 
strated, related to the size of the flea popu- 
lation? 

ce. Ixodid Ticks and Rocky Mountain 
Spotted Fever: Owing to the number of 
species of ticks found infected in nature 
(Cox 1952), the variety of susceptible 
animal hosts, the existence of rickettsial 
strains which differ in virulence, the re- 
cently demonstrated interference phe- 
nomenon (Price 1953), and the reversible 
changes in virulence under laboratory 
conditions (Price 1953a), this complex 
offers many basic questions which could 
be submitted to suitable experimental 
models. Furthermore, although the role 
of mammals as essential hosts for ticks is 
abundantly clear, their role as hosts for 
rickettsiae is poorly understood. Recent 
studies of the infection in cottontail rab- 
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bits and guinea pigs (Price 1953, 1953a, 
and 1953b) are basic to this question, and 
they encourage the use of these mammals 
in the type of experimental model visual- 
ized here. If a particular species of wild 
mammal is to be used in such a model, 
similar quantitative studies of the infec- 
tion in this species must be made before- 
hand. 

d. Ornithodoros Ticks and Relapsing 
Fever: This system offers worthwhile 
opportunities for study by reason of the 
following facts: the remarkable longevity 
of these ticks and their resistance to star- 
ration and desiccation (Davis 1942); the 
multiple feedings of the nymphal and 
adult ticks (Davis 1942); the occurrence 
of trans-stadial and transovarial trans- 
mission of spirochetes, with quantitative 
relationships which depend upon the spe- 
cies of tick and spirochete concerned 
(Davis 1942a, 1948; Wheeler 1938); and 
the different modes of transmission de- 
pendent upon the presence of spirochetes 
in the tick’s saliva, or in its coxal fluid, or 
in both (Burgdorfer 1951). Many species 
of Ornithodoros are easily maintained in 
the laboratory. Guinea pigs and white 
mice are suitable hosts for the ticks as well 
as for the spirochetes, and several of the 
species of smaller wild mammals and rep- 
tiles which serve as natural hosts for the 
ticks are adaptable to the conditions of lab- 
oratory maintenance. 

e. Reduviid Bugs (Triatominae) and 
Trypanosomes: The suitability of this 
system as an experimental model is sug- 
gested by the following considerations: 
the number of species of Triatominae and 
the variety of small mammals which are 
suitable hosts for them as well as for the 
trypanosomes (Usinger 1944); the detailed 
available knowledge of the physiology of 
certain of the vector species (Wiggles- 
worth 1947); the fact that the life cycle 
and biology of many of the vector species 
are known (Usinger 1944); the relative 
resistance of the vectors to starvation and 
desiccation, and the fact that they take 
multiple blood meals; the relatively sim- 
ple techniques necessary for the rearing 
and maintenance of the vectors; and the 
fact that the micro-organisms are culti- 
vable on relatively simple acellular media. 
Since the experimental model might in- 
clude Trypanosoma cruzi, T. rangeli, or 
T. ariariae, the investigator has a wide 
variety of possible combinations from 
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which to construct his model. 

f. Trombiculid Mites and Scrub Ty- 
phus: The need for studies of transmission 
of Rickettsia tsutsugamushi among the 
members of experimental populations of 
small animal hosts has been pointed out 
(Bertram 1951). It is unlikely that an ex- 
perimental approach will be wholly fea- 
sible until there is developed a consistently 
dependable method for maintaining colo- 
nies of the vector species under the condi- 
tions required for such experiments. 

Examples of questions which await the 
development of a suitable model are: 
What is the role of intermurine vectors, 
apart from the species which attack man, 
in maintaining and spreading the rickett- 
siae? Are the wild animal species which 
are often listed as “reservoirs” actually 
essential to the perpetuation and con- 
tinuity of the rickettsial population, or 
will the rickettsiae persist in the model 
when albino rats (or some other species) 
are substituted for wild rats? Is trans- 
ovarial transmission quantitatively suffi- 
cient to maintain a_ self-perpetuating 
population of rickettsiae? Do infected 
vertebrate hosts act as donors of rickett- 
siae to non-infected mite larvae which 
feed upon them? These are but a few of 
the fascinating questions which should be 
explored when suitable methods have 
been developed. 

g. Additional Models: The preceding 
examples have been selected for discussion 
from a much wider range of possibilities 
among arthropod-borne human _patho- 
gens. Many instructive models are to be 
found in the arthropod-borne micro-or- 
ganisms which infect wild or domesticated 
animals. Theobald Smith’s studies of cat- 
tle fever (Smith & Kilborne 1893) pro- 
vide a classic example, and many others 
come to mind. For instance, the develop- 
ment of an apparent age-immunity to in- 
fection with 7'rypanosoma lewis in albino 
rats is not shared by the natural commen- 
sal murine hosts of this flea-transmitted 
parasite. Studies of models composed of 
fleas, 7’. lewisi, and rats, albino or “do- 
mestic,” should shed light on many basic 
biologic problems in the natural history of 
this protozoal infection. 

Recapitulation.—An investigative tool 
of great potential value is an experimental 
model in which populations of a vector, 
of a pathogen, and of an animal host, are 
brought together in a controlled environ- 
































June 1954 


ment. When the system is studied as a 
whole, the dynamic _ inter-relationships 
among these populations and their en- 
vironment are treated as a problem in 
ecology. When the operator does some- 
thing to the system, he introduces a 
primary cause; the ensuing chain of 
events is observed and analyzed from the 
standpoint of multiple causation. If 
thorough and painstaking observations 
are made on a carefully controlled system, 
it should be possible to measure the effects 
of host, agent, and environmental factors 
upon the course of an arthropod-borne 
infection in the laboratory. This type of 
approach represents an application of 
epidemiologic principles and methods in 
basic studies of arthropod-borne disease. 

Broapver Aspects oF THESE EXPERI- 
MENTAL APPROACHES.—If a research pro- 
gram includes the foregoing types of ap- 
proach, what are we justified in expecting 
of it? In other words, what is likely to 
emerge from the laboratory, other than 
one or more experimentalists bearing 
voluminous reports of investigations? 
Since the preceding remarks include exam- 
ples of specific information to be gained, 
it is appropriate now to consider the 
broader implications of experimental epi- 
demiology in relation to arthropod-borne 
disease. 

These experimental approaches pro- 
vide an opportunity for testing, under 
controlled conditions, observations made 
on a disease in its so-called natural state. 
Secondly, they would undoubtedly indi- 
cate relationships which had not been 
suspected previously, and such points 
would then be tested by further field ob- 
servations. One might also expect such 
studies to give added meaning and direc- 
tion to measures designed to control or 
prevent disease. Convincing demonstra- 
tions of these functions of experimental 
epidemiology are provided by the work 
on plague at the Hooper Foundation. 
(See Meyer 1952 for discussion and refer- 
ences.) 

Finally, the laboratory often serves as 
a testing ground for hypotheses and 
theories. Relationships among the vari- 
ables involved in the transmission of ar- 
thropod-borne disease have been devel- 
oped with particular reference to human 
malaria (Macdonald 1950, 1950a, and 
1952). These relationships have been ex- 
pressed for malaria in a mathematical 
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form which, with some modifications, 
might be applicable to other arthropod- 
borne disease complexes. It would be of 
great interest to test such ideas by the 
use of suitable experimental models. In 
short, these experimental approaches 
provide opportunities to study the biology 
of disease. 

SumMary.—The aims of experimental 
epidemiology are to study, under con- 
trolled laboratory conditions, the factors 
which govern fluctuations in the behavior 
of mass disease. Since the very beginnings 
of medical entomology, the epidemiologic 
method has actually played an integral 
role in its development, for fruitful in- 
vestigations of arthropod-borne disease 
have been based, consciously or uncon- 
sciously, on an ecologic approach. The 
result is the present wealth of information, 
mainly qualitative, which has served as 
a sound basis for developing and directing 
measures which control or prevent mass 
disease. 

Potent factors influencing the effective- 
ness of a given arthropod species as a 
vector of human disease are concerned 
with the nature of the relationships be- 
tween vector and pathogen, the popula- 
tion dynamics of the vector species, and 
the character of the relationships between 
populations of human beings and of vec- 
tors. Quantitative information on these 
points is essential to a clarification of the 
factors involved in multiple causation in a 
given situation. Laboratory studies of 
these questions must be integrated with 
field studies in order that greater meaning 
be given to both. The results of studies 
of fleas, plague and rodents demonstrate 
the value of the application of the epi- 
demiologic method to a specific problem. 
Much of the qualitative information, and 
a fair amount of quantitative data, needed 
for similar studies of other arthropod- 
borne diseases, are currently available in 
many instances. It is strongly suggested 
that such types of investigation are 
needed, that they are feasible, and that 
they are likely to be fruitful. 

It is concluded that when the principles 
and methods of experimental epidemiol- 
ogy, entomology, and microbiology, are 
integrated and aimed critically at specific 
problems of vector-borne disease, they 
offer investigative tools of broad potential 
applicability in basic and applied biolog- 
ical science. 
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Efficacy of Dieldrin and Aldrin in Area Control of 
the Chigger Vectors of Scrub Typhus 


Rosert Travs,' Harotp D. Newson,! Bryce C. Watton,! and J. R. Aupy? 


The newer antibiotics such as chlor- 
amphenicol, aureomycin, and terramycin 
have revolutionized the therapy of scrub 
typhus, but the prevention of this disease 
is still an important military problem. As 
has been shown by Smadel and _ his 
colleagues (1949, 1950), there is no satis- 
factory vaccine for scrub typhus, and 
chemoprophylaxisis practicable only under 
very special circumstances. Immuniza- 
tion by means of combined living vaccine 
and chemoprophylaxis is also of limited 
value (Smadel e¢ al. 1952). At the present 
time, therefore, control of the vector 
chiggers offers the most promising ap- 
proach in prevention of this disease. 

Repellents effective against chiggers 
when applied to the skin were developed 
during World War II, but although these 
were made available in generous supply, 
they were not used on a sufficiently wide 
scale, since it is very difficult to ensure 
effective and proper utilization of repel- 
lent by individual soldiers. Wearing cloth- 
ing impregnated with chigger repellents 
is accepted as being an important means 
of preventing scrub typhus as indicated 
by McCulloch (1946) and the U.S. Army 
(1948), but definitive experiments to fully 
evaluate this method are lacking. A pre- 
ventive program based wholly on repel- 
lent-treated clothing has inherent dis- 
advantages in that clothing is frequently 
shed in the tropics and also because the 
vector mites may attach to the arms and 
legs without coming in contact with the 
clothing. There is, therefore, great need 
for chemicals which will satisfactorily 
kill the chiggers on the ground. This paper 
presents data which show that the in- 
secticides aldrin and dieldrin offer a very 
effective and practical means of area con- 


trol of the chigger vectors of scrub typhus.’ 

Many compounds have been tried for 
the control of chiggers on the ground. The 
recent development of powerful toxicants 
of low volatility which maintain their 
lethal qualities over a period of months 
has finally made such efforts successful. 
The toxicants mentioned by Ewing (1921, 
1927) offered little more than temporary 
relief, and Smith & Gouck (1948) found 
that even DDT proved to be little better 
than sulfur against American chiggers. 
Bushland (1946), in attempting to control 
itch-type chiggers of the genus Schén- 
gastia in the forest litter of New Guinea, 
reported that 5 per cent DDT dusts 
applied at the high rate of 320 pounds 
per acre were of litttle value. Smith & 
Gouck (1947) also ascertained that DDT 
was inadequate against American Eutrom- 
bicula alfreddugesi and Acariscus masoni 
and that sulfur at the rate of 65 pounds 
per acre also was ineffective. These 
workers, however, found that crude BHC, 
containing about 10 per cent gamma 
isomer and applied at the rate of 8 pounds 
per acre, provided adequate control 
against these American trombiculids for a 
period of 5 to 8 weeks, resulting in a 98 
per cent reduction in the mite population. 
Sulfur dust at the exorbitant dosage of 
100 pounds per acre also afforded good 
results for 29 days, and the chlorinated 
hydrocarbon chlordane at the rate of 4 
pounds of active ingredient per acre was 
quite effective for 2 weeks. Linduska & 


1 Lieutenant-Colonel, Captain, and Captain, respectively, 
from the U. S. Army Medical Research Unit (Malaya), and the 
Army Medical Service Graduate School, Washington, D. C. 

2 From the Division of Virus Diseases and Medical Zoology, 
Institute for Medical Research, Kuala Lumpur, Malaya. 

3 This field project was supported in part by the Medical 
Research and Development Board, Office of the Surgeon General, 
Department of the Army. 
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Morton (1947) and Linduska et al. (1948) 
also noted that crude BHC satisfactorily 
controlled American chiggers on the 
ground for 30 days when applied at the 
rate of 6 pounds to 50 pounds per acre. 
McCulloch (1947) demonstrated that 
BHC at the equivalent rate of 1 to 13 
pounds of gamma isomer per acre was 
effective for 2 weeks against Australian 
scrub-itch chiggers. On the basis of the 
work by Linduska, et al. and by Mc- 
Culloch against pest species of chiggers, 
Audy (1949) recommended the use of 
gammexane (lindane) for the control of 
the chigger vectors of scrub typhus. Un- 
published experiments by Traub and 
Frick in 1948 and 1949‘ in Malaya showed 
that dieldrin, aldrin, chlordane, toxaphene 
and lindane were very promising in the 
trol of Trombicula akamushi and Trom- 
bicula deliensis, the chigger vectors of 
scrub typhus. Dieldrin and aldrin seemed 
to be superior to lindane, toxaphene and 
chlordane in these preliminary tests. 
Unsettled conditions and bandit and 
terrorist activity unfortunately made it 
impossible to determine the duration of 
the residual effect of these insecticides at 
that time. The studies were resumed only 
in 1953, when a joint team of the U.S. 
Army Medical Research Unit (Malaya) 
and the Colonial Office Medical Research 
Unit, both headquartered at Kuala Lum- 
pur, found suitable terrain infested with 
Trombicula deliensis at Ranau, elevation 
1500 feet, at the base of Mt. Kinabalu in 
North Borneo, and conducted the experi- 
ments herein reported. 

MATERIALS AND Metuops.—In_ order 
to evaluate the efficacy of the acaricides 
employed, it was necessary to find a 
practicable means for estimating the 
chigger population before and after the 
application of the toxicants. The abun- 
dance of the trombiculid vectors of scrub 
typhus in subtropical areas is not readily 
determinable by techniques which have 
been successful elsewhere for other 
chiggers. The method of counting the 
numbers of chiggers on boots of volunteers 
utilized in New Guinea against the itch- 
type chiggers of the genus Schéngastia, 
proved to be ineffective in Assam and 
Burma, as shown by Mackie et al. (1946). 
In Malaya, Trombicula akamushi and T. 
deliensis could be found on the shoes only 
under special circumstances and for a 
limited period of time, such as in excep- 
tionally heavily infested terrain during 
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the short period when the dew was drying 
on the grass (Philip et al. 1949). Placing 
small plates of glass, plastic or oilcloth 
on the ground is a highly effective means 
of determining the trombiculid population 
in sections of the southeastern United 
States. After 1 minute exposure as many 
as 50 to 150 chiggers could be found on 
the surface of the plate (Smith & Gouck 
1947, Linduska et al. 1948). However, 
this technique likewise proved to be of 
little value in the Malaysian region 
against vector species, where even after 
10 minutes’ exposure we could never find 
more than one or two chiggers. The trap 
designed by Cockings (1948) also has 
been relatively ineffectual in Malaya 
(Philip et al. 1949). Methods used in 
Malaya by Traub & Frick (1950) were 
modified and used in these studies. This 
technique relies upon the numbers of 
chiggers in the ears of wild-caught rats 
and also upon the numbers of chiggers 
found in the ears of both laboratory white 
rats and wild rats following overnight 
exposure in an enclosed area. We believe 
that these methods provide an index of 
the actual chigger population in a given 
area. 

Three plots were used in the experi- 
ments. Each was 300X280 feet in extent 
(1.9 acres) and was covered by extremely 
thick mixed growths of lalang, Imperata 
cylindrica, and other typical scrub vegeta- 
tion. Two of these plots were separated by 
a 20-foot swath. The third was located 
one-tenth of a mile distant. Rattus rattus 
and Rattus miilleri naturally inhabiting 
this area were trapped throughout the 
course of the study and the chiggers 
attached to the ears were carefully 
counted. Rats were free to enter into the 
treated plots from outside the area, and 
undoubtedly some did so. For the purpose 
of the experiment, all chiggers found on 
rats caught within the plot were assumed 
to have been acquired therein, even 
though there undoubtedly was an influx 
of rodents into these plots from the un- 
treated areas. 

As a supplemental means of estimating 
chigger populations, and perhaps a more 
accurate method of assessing actual sur- 
vival, a 50X50 foot section in the center 
of each plot was enclosed by means of 


4 Traub, R., and L. P. Frick. May 20, 1949. Interim Report 
on Miticides Tested in Malaya in 1949. Report to the Research 
and Development Board, Office of the Surgeon General, Depart- 
ment of the Army. 
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Table 1.—Dieldrin and aldrin—Treatment of terrain in North Borneo, 1953—Numbers of chiggers 


on rats. 
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NuMBER oF Rats Total Number Range 
Fenced Fenced Fenced 
No. Days rrom Un- -——— Un- — Un- 
DATE OF fenced White Wild fenced White Wild fenced White Wild 
SPRAYING Rats Rats Rats Rats Rats Rats Rats Rats Rats 
Dieldrin Area 
D minus 4-5 21 20 12 10,185 720 1310 240-650 Q7-45 80-200 
D minus 1-2 18 16 10 9,180 640 1200 220-690 30-51 90-200 
D plus 2-3 10 20 13 30 24 25 0-10 0-5 0-5 
D plus 4-6 9 16 13 72 32 48 0-12 0-5 0-10 e 
D plus 34-35 7 18 14 49 54 60 4-9 0-6 0-8 
D plus 37-38 7 16 2 70 42 70 7-21 0-6 0-9 
Aldrin Area 
D minus 4-5 16 16 12 11,200 1350 3800 400-1000 45-67 150-400 
D minus 1-2 13 18 10 10,480 1026 2250 500-900 45-70 150-425 
D plus 2-3 9 21 14 99 36 54 0-22 0-5 0-5 
D plus 4-6 10 13 7 50 39 35 0-15 0-6 0-9 
D plus 34-35 5 12 8 157 48 120 20-40 0-6 8-40 
D plus 37-38 7 18 11 212 58 220 22-48 0-5 8-28 
Untreated Area 

D minus 4-5 19 15 14 10,450 780 2072 450-650 39-57 95-200 
D minus 1-2 15 16 10 11,250 728 1600 600-1200 40-68 120-210 
D plus 2-3 10 24 18 8,500 1224 3420 750-1100 40-63 160-215 
D plus 4-6 10 20 12 8,200 960 2220 750-1200 38-65 155-200 
D plus 34-35 10 18 10 7,500 720 1700 650-900 30-55 150-220 
D plus 37-38 11 18 12 8,100 756 2280 550-950 25-56 130-250 





three strands of electrified wire 3 inches 
apart, the lowest of which was about 1 
inch from the ground. Immediately out- 
side the electrified wires was a fence of 
chicken wire of 1l-inch mesh, the bottom 
of which was buried in the ground to a 
depth of 8 inches and the ground scraped 
clear of vegetation for about 6 to 12 
inches on each side of the fence to avoid 
short circuits. In essence the electrified 
fence was similar to that described in two 
papers by Ryckman et al. (1953) although 
simplified as much as possible by the use 
of bamboo posts instead of iron posts with 
braces. An ordinary farm-type electric 
fence charger powered by a six-volt dry- 
cell battery served to supply the current 
for one plot, while a single such charger 
served to electrify the fences of the two 
remaining plots. Within this electrified 
fence, laboratory white rats and wild- 
caught Rattus rattus and Rattus miilleri 
were released overnight and then trapped 
the next day by means of live-traps. From 
12 to 20 white rats and 17 to 18 wild rats 
were released within each electrified plot 
during each trapping session. These wild 
rats had been kept in captivity a min- 
imum of 1 week to allow the chiggers 


attached at the time of capture to detach 
naturally prior to exposure of the rats. 
After this overnight exposure within the 
fence, the chiggers acquired by the re- 
leased rats were then counted as de- 
scribed below. 

Rats which were alive at the time of 
capture were anesthetized by intraperi- 
toneal inoculation of sodium nembutal at 
the rate of 40 milligrams per estimated 
kilogram of body weight in order to 
permit the counting of chiggers in their 
ears. Such rats were retained for subse- 
quent exposure. Chiggers in the ears of 
dead rats and anesthetized animals were 
counted by means of a stereoscopic micro- 
scope and the chiggers were preserved in 
alcohol for subsequent identification. 

After an estimate of the chigger popula- 
tion was obtained in the three areas, one 
was sprayed with aldrin®, the second with 


5 The insecticides aldrin and dieldrin were obtained through 
the cooperation of the Julius Hyman & Company Division, Shell 
Chemical Corporation, Denver, Colorado. According to the 
s speqeentinne received from the Shell Chemical ( vorporation, the 

irin employed was a 23% emulsifiable concentrate containing 


approximately 23% Hexachloro-hexahydro- dimethanonaphtha- 


lene, 17% related compounds, 10% emulsifier, and 50% paraf- 
finic solvent. The dieldrin formulation was in the form of a 19% 
emulsifiable concentrate containing 19% Hexachloro-Epoxy 
Octahydro Dimethano Naphthalene and related compounds, 8% 
emulsifier, and 73% paraffinic solvent. 
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Table 2.—Aldrin-dieldrin treatment of terrain in Borneo. Average numbers of chiggers per rat 



































(Chigger index). 
DIeELDRIN AREA ALpDRIN AREA UNTREATED AREA 
Fenced Fenced Fenced 
No. or Days Un- — ee Un- — Un- 

FROM DATE OF fenced White Wild fenced White Wild fenced White Wild 
SPRAYING Rats Rats Rats Rats Rats Rats Rats Rats Rats 
D minus 4-5 485 36 110 700 55 250 550 52 148 
D minus 1-2 510 40 120 810 57 225 750 58 160 
D plus 2-3 3 i: 1.9 ll LF $3.3 850 51 190 
D plus 4-6 8 2.0 $3.7 5 3.0 5.0 $20 48 185 
D plus 34-35 7 3.0 4.3 31 4.0 15.0 750 40 170 
D plus 37-38 10 2.6 5.8 30 3.2 20.0 736 42 190 





dieldrin’, and the third was maintained 
as a control. The aldrin formulation con- 
tained 2 pounds of technical aldrin per 
gallon and the dieldrin formulation con- 
tained 1.5 pounds of the technical in- 
secticide. The insecticides were applied as 
a fine mist by means of a pressure-type 
Banta spray gun at the rate of 2} pounds 
of insecticide (technical grade) per acre. 
Because of the high-pressure sprayer 
employed, the emulsifiable concentrates 
were applied in undiluted form. It was 
therefore necessary to use only a total of 
2.2 gallons of the aldrin emulsifiable con- 
centrate and 2.9 gallons of dieldrin 
emulsifiable concentrate to achieve the 
rate of 2} pounds per acre on our 1.9 
acre plots. 

At the times indicated in table 1, sur- 
veys were made in order to estimate the 
chigger population before and after the 
application of the insecticides. 

Resutts.—As can be seen from table 1, 
chiggers were plentiful prior to the ap- 
plication of the insecticides. For example, 
in the area subsequently sprayed with 
dieldrin, the numbers of chiggers on 21 
wild rats trapped in the unfenced por- 
tion of the plot ranged between 240 to 650 
per rat. 

In the control area chiggers were 
abundant throughout the entire test 
period, as shown in the table, and the 
numbers of chiggers on rats trapped in the 
unfenced area ranged between 450 to 
1200 per rat. The average number of 
chiggers per rat (chigger index) for each 
of these areas is shown in table 2. 

Approximately half of the chiggers 
found on these rats during the course of 
our studies were Trombicula deliensis 
Walch, a species known to be an effective 
vector of scrub typhus. Virtually all the 





remaining 50 per cent were Tromlicula 
(Eutrombicula) wichmanni (Oudemans), a 
species heretofore believed to be essen- 
tially a parasite of birds. 

Within 3 days after the spraying with 
insecticides, the chigger population on 
rats in the treated areas was tremen- 
dously reduced, as exemplified by an aver- 
age of only three chiggers per rat on wild- 
caught rats in the unfenced section of the 
dieldrin plot and an average of 11 chiggers 
on wild-caught rats in the unfenced area 
of the aldrin plot (Table 2). 

More than 5 weeks after application, 
the chiggger populations in the treated 
areas were still very low, but chiggers 
were still very abundant in the untreated 
plot. There were virtually 75 times as 
many chiggers on rats trapped in the un- 
treated areas as in the dieldrin-treated 
plot, and nearly 25 times as many as in the 
aldrin-treated sector. The reduction in the 
chigger index in the treated areas is ex- 
pressed percentagewise in table 3. Five 
weeks after application the average num- 
ber of chiggers per unfenced wild rat in 
the dieldrin area was only 2 per cent of 
what it had been for the 5-day period 
prior to spraying. 

There was no evidence that the in- 
secticides caused damage to plants at any 
time. 

Discussion.—It is emphasized that 
these insecticide studies were carried out 
in a region which is within 5 degrees of the 
equator and is hence characterized by the 
lush vegetation and heavy rains of the 
tropics. (Minimum of 100 inches per 
annum.) The vegetative cover was so 
thick that it was very difficult to see the 
soil and it seemed hard to believe that the 
insecticides would actually penetrate 
through this mat of vegetation to reach 
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Table 3.—Reduction in numbers of chiggers' on rats after application of dieldrin and aldrin in 























North Borneo. 
DreLpRIN AREA AuprRIN AREA UNTREATED AREA 
Fenced Fenced Fenced 
No. Days Un- Un- Un- 

FROM DATE OF fenced White Wild fenced White Wild fenced White Wild 
SPRAYING Rats Rats Rats Rats Rats Rats Rats Rats Rats 
D minus 1-5 100 100 100 100 100 100 100 100 100 
D plus 2-3 0.6 3 1.7 1.5 3 1.4 131 93 123 
D plus 4-6 1.6 5 $.2 0.6 5 2.1 126 87 120 
D plus 34-35 1.4 8 3.8 4 6 5.5 116 73 110 
D plus 37-38 2.0 7 5 4 5 8.5 113 76 123 





1 Expressed in percentages, with the average number of chiggers per rat before application considered 100 per cent. 


the ground surface and control chiggers. 
It is also noteworthy that the dilution 
factor imposed by the tropical rainfall 
did not materially adversely affect the 
residual properties of the insecticides. 
During the first 3 weeks and the sixth 
week of the experiment it rained heavily. 
The intervening period was relatively dry 
for Borneo but there was some rainfall 
virtually every day, and the humidity was 
such that there was dew on the ground 
every morning and evening. 

The full duration of the residual effect 
of dieldrin and aldrin has not been deter- 
mined. There is evidence to indicate that 
these insecticides are effective for a min- 
imum of 8 weeks. Thus, there was an 
average of 1.5 chiggers on each of nine 
white rats exposed within the electric 
fence at this time in the dieldrin area. In 
the aldrin area five such rats had an aver- 
age of 4 chiggers each, whereas in the 
control area six white rats carried an 
average of 20. These figures are merely 
suggestive and have not been included in 
the above tables because of inadequate 
sampling due to a shortage of wild and 
white rats. 

These experiments do not provide any 
direct information as to whether dieldrin 
and aldrin are toxic to the eggs or the 
nymphal and adult stages of chiggers, 
which normally inhabit the ground sur- 
face or superficial layers of the soil. How- 
ever, since the species of chiggers encoun- 
tered apparently breed throughout the 
year, the sustained low chigger popula- 
tions after application of the acaricides 
indicate that there may be a toxic effect 
on these stages. The residual qualities of 
the toxicants minimize the importance of 
any possible lack of toxicity to non-larval 
stages. 





Since rats were free to enter the un- 
fenced portion of the experimental plots 
from outside the treated areas, it is prob- 
able that some of the chiggers which were 
found on the rats and accredited to the 
treated plots actually had been acquired 
elsewhere. It is therefore highly probable 
that the data from the unfenced treated 
plots reflect higher populations of chiggers 
than actually survived the treatments. 

Inasmuch as dieldrin and _ aldrin 
wrought an appreciable decrease in the 
numbers of chiggers on rats for a min- 
imum of 5 weeks after application, it is our 
opinion that the use of these insecticides 
offers a practicable means of disinfesting 
terrain. Of the two compounds, dieldrin is 
apparently the acaricide of choice. Some 
indication of the possible effect of the 
numbers of vector mites upon the infec- 
tion rate of scrub typhus was observed by 
Traub & Frick in Malaya in 1950. Here 
it was shown that volunteers were more 
apt to acquire scrub typhus under condi- 
tions when the average number of 
Trombicula akamushi or T. deliensis per 
wild rat was above 375 and when white 
rats exposed in small pens overnight 
acquired between 19 and 55 chiggers each. 
Under such circumstances, 79 per cent of 
the volunteers sitting in the grass in in- 
fested terrain contracted scrub typhus. 
However, when the average number of 
vector mites per wild rat ranged between 
12 and 304 and when exposed laboratory 
rats each acquired an average of 2.8 such 
chiggers, only 5 to 29 per cent of the 
volunteers acquired scrub typhus. 

The reduction in the number of vector 
chiggers referred to by Traub and Frick 
was apparently effected by the onset of 
conditions of relative drought. They ob- 
served that in dry weather the numbers of 
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Trombicula deliensis and T. akamushi 
rapidly decreased, whereas non-vector 
chiggers, such as species of Euschéngastia, 
Walchia and Gahrliepia became absolutely 
and relatively more abundant. The in- 
cidence of naturally-contracted scrub 
typhus is also influenced by rainfall. In 
Malaya cases of scrub typhus were in- 
frequent during or immediately following 
months with relatively little rainfall, 
whereas the majority of cases were con- 
tracted during the wet months.® There is 
a true dry season in Burma, and Sayers 
(1946) reported a very definite seasonal 
incidence of scrub typhus in Manipur and 
lower Burma. Audy et al. (1947), and 
Audy & Harrison (1951) showed that this 
seasonal incidence was correlated with 
the rise of the 7. deliensis population dur- 
ing the rains and a marked decline during 
the dry season. A similar cycle for 7. 
deliensis has been reported by ‘Traub 
(1949) in Assam and North Burma, but 
the great numbers of susceptibles exposed 
during operations in the dry season ob- 
scured the seasonal pattern of the disease. 
For these reasons it is logical to postulate 
that the marked reduction in the numbers 
of vector mites brought about by the ap- 
plication of dieldrin and aldrin would re- 
sult in a substantial decrease in the in- 
cidence of scrub typhus. The use of these 
insecticides is therefore recommended 
wherever numbers of susceptible indi- 
viduals are to be exposed in endemic re- 
gions. The value of treating military camp- 
sites is obvious. Areas where troops are to 
be engaged in maneuvers should also be 
disinfested, particularly if such exercises 
are frequently followed by cases of scrub 
typhus. Thus, Audy et al. (1947) reported 
756 cases occurring in units of “‘less than 
Brigade strength” following 4 days expo- 
sure in an infective focus. Outbreaks of 
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scrub typhus have also been associated 
with clearing of scrub-covered land for 
agricultural purposes (Philip et al. 1949) 
and the application of dieldrin or aldrin 
is wholly practicable under such cir- 
cumstances. 

SumMary.—The insecticides dieldrin 
and aldrin provide a practical, efficient 
means for the control of the mite vectors 
of scrub typhus through the disinfestation 
of terrain. Approximately 50 per cent of 
the chiggers collected on Rattus rattus and 
Ratttus miilleri during the present studies 
in North Borneo were Trombicula deliensis 
Walch, an establsihed vector of scrub 
typhus, and virtually all the remainder 
were Trombicula (Eutrombicula) wich- 
manni (Oudemans). Dieldrin and aldrin, 
applied at the rate of 2} pounds per acre, 
effectively reduced the chigger population 
to the point where, within 3 days after 
application, an average of only three 
chiggers could be found in the ears of each 
wild rat in the dieldrin plot, while the 
chigger index in the aldrin plot was only 
11. On the other hand, such wild-caught 
rats in the control area had an average 
of 850 chiggers. More than 5 weeks after 
application there were nearly 75 times as 
many chiggers on rats trapped in the 
untreated area as in the dieldrin-treated 
plot and almost 25 times as many as in 
the aldrin-treated sector. Of the two 
toxicants, dieldrin seems to be the 
acaricide of choice. 
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6 Since the rainfall pattern varies from year to year in any one 
district in Malaya, the fluctuations in incidence of this disease 
was not necessarily associated with any particular calendar 
months (Traub 1949, Traub & Frick 1949) .4 
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Response of Nut Grass to Soil Applications of 
Organic Insecticides! 
J. G. Warrts?® 
residues in the soil. In the spring of 1952 


striking variations in the nut grass popu- 
lation were noted among plots which had 


The importance of nut grass, Cyperus 
rotundus, as a pest in cultivated fields at 
the Edisto Experiment Station has in- 











creased quite perceptibly in the past few 
years. There have been no changes in til- 
lage and other farm practices which will 
satisfactorily explain the rather sudden 
increase in nut grass that has occurred in 
some fields. The most striking increases 
have been observed in fields which were 
planted to cotton and regularly treated 
for insect control for several years in suc- 
cession. In a search for an explanation of 
this phenomenon the investigation has 
become aligned with a more comprehen- 
sive study of problems associated with 
the accumulation of organic insecticide 


received different rates of organic insecti- 
cides. Although this species of sedge was 
generally present over the entire experi- 
mental area, certain plots were sharply 
delimited by an abrupt change in stand 
density. 

ProcepurE.—The treatments in the 
soil residue studies consisted of the fol- 
lowing: (1) control, (2) BHC (3 per cent 


1S. C, Agricultural Experiment Station Technical Contribu- 
tion No, 210, presented at the meeting of the Cotton States 
Branch, Entomological Society of America, New Orleans, La., 
February 9-11, 1953. 

2 Entomologist, Edisto Branch, South Carolina Agricultural 
Experiment Station, Blackville, S. C. 
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Table 1.—Increase of nut grass in response to 
soil applications of several organic insecticides. 











Five Appiica- 
TIONS, 1948-1952 One APPLICATION, 








INCLUSIVE 1948 
Pounps —————-—-——- Sain 
PER Total Total 
AckE Pounds Pounds 
PER Techni- Mean ‘Techni- Mean 
Appuica- cal per Class cal per Class 
INSECTICIDE TION Acre Rating! Acre Rating! 
( ‘ontrol - — 2.08 —_ 2.25 
BHC, 3% 50 7.5 $.17 1.5 2.08 
gamma? 250 37.5 4.17 7.5 2.25 
500 75.0 3.50 15.0 2.58 
Toxaphene, 50 50.0 2.09 10.0 1.84 
20% 250 250.0 2.92 50.0 2.34 
500 500.0 3.17 100.0 2.09 
DDT, 5% 50 12.0 2.17 2.5 2.00 
250 62.5 2.50 12.5 1.75 
500 125.0 3.00 25.0 2.25 
Chlordane, 50 25.0 2.17 2.5 2.00 
10% 250 125.0 2.17 12.5 2.17 
500 250.0 2.50 25.0 2.00 
Parathion, 50 2.5 2.25 0.5 1.75 
// 250 12.5 2.00 2.5 2.00 
500 25.0 2.25 5.0 1.75 
L.S.D. (.05) 0.26 N.S. 
(.01) 0.34 N.S. 





1 Ratings based on number of plants per square foot according 
to the following: Class 1, 0 to 5; Class 2, 6 to 15; Class 3, 16 to 
40; Class 4, 41 to 75; Class 5, 76 and above. 

? From a low gamma (12 per cent) technical. 


gamma), (3) 10 per cent chlordane, (4) 5 
per cent DDT, (5) 1 per cent parathion, 
and (6) 20 per cent toxaphene. The insec- 
ticide concentrates were diluted with kao- 
lin. A few days prior to planting these 
were broadcasted at rates of 50, 250 and 
500 pounds per acre and disked into the 
soil. It is recognized that this procedure 
possibly resulted in more acute plant re- 
sponses than if the same quantity of in- 
secticides had been applied as in a normal 
insect control program. 

This experiment consisted of two parts. 
In one series of plots single applications 
of the above mentioned formulations were 
made in 1948. In the other series annual 
applications were made for 5 consecutive 
years from 1948 to 1952 inclusive. The 
field arrangement of the experiment con- 
formed to the randomized block design 
in which there were four replicates. 

The response of nut grass to the dif- 
ferent treatments was measured by fitting 
the average number of aerial shoots per 
square foot into a class rating scheme as 
follows: Class 1, 0 to 5 plants; Class 2, 6 
to 15 plants; Class 3, 16 to 40 plants; 
Class 4, 51 to 75 plants; Class 5, 76 plants 
and above. Stand counts were taken at 
three predetermined locations in each 
plot. 

Resutts.—The data in table 1, column 
4, show that where five annual applica- 
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tions of the insecticides were made, 8 of 
the 15 treatments incited an increase in 
the reproduction of nut grass. BHC was 
the most outstanding in this respect, and 
a significant increase in stand occurred 
at each of the three levels under test. In 
the case of both toxaphene and DDT a 
population increase occurred at the two 
higher levels while with chlordane such 
an increase occurred only at the highest 
level. Where only a single application was 
made at the beginning of the 5-year pe- 
riod, there was no significant difference in 
the nut grass population between the 
control and any of the treatments (Table 
1, column 6). Parathion incited no in- 
crease in any instance. 

No population counts were made of 
crab grass (Digitaria sp.) or other indig- 
enous weeds, but there were no obvious 
differences in this respect between any of 
the plots except those receiving the two 
higher annual rates of BHC. In the latter 
plots there was an inverse relationship 
between the abundance of crab grass and 
that of nut grass. Weeds and grasses other 
than nut grass were virtually absent while 
the latter flourished. 

Discusston.—Grigsby (1951), Foster 
(1951) and Morrison, et al. (1948) reported 
limited herbicidal activity for some of the 
organic insecticides; Allen & Casida 
(1951) and Gould & Hamstead (1951) 
demonstrated that some of them were 
“stimulating” to the growth of certain 
plant species; also Morrison ef al. (1948) 
reported that Senecio vulgaris L., Com- 
positae, flourished on soil which had been 
treated with 27.5 pounds of gamma isomer 
of BHC, but suggested that this may 
have been due to lack of competition from 
other weeds; Chapman & Allen (1948), 
Cullinan (1949), and Allen & Casida 
(1951) make reference to the auxin-like 
activity of certain of the organic insecti- 
cides. However, a plant response of the 
particular type displayed by nut grass, 
i.e. increase in the rate of vegetative re- 
production, apparently has not been re- 
ported previously. 

It is of practical significance that five 
annual applications of BHC (3 per cent 
gamma) at 50 pounds per acre resulted 
in a significant increase in the nut grass 
population. This amount is well within 
the rate widely recommended and used 
for cotton insect control. Frequently 
twice this amount is used in a single sea- 
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son. Since annual applications of the two 
higher rates of toxaphene and DDT and 
the highest rate of chlordane increased nut 
grass populations, the possibility exists 
that continued use of these insecticides at 
recommended rates over a longer period 
of time may produce similar results. Al- 
though the data in columns 4 and 6 of 
table 1 can not be compared directly, 
there is an indication that successive an- 
nual applications of BHC (3 per cent 
gamma), rather than an _ equivalent 
amount in a single application, is of some 
consequence in bringing about this un- 
usual response of nut grass. For example, 
when either 7.5 or 15.0 pounds of gamma 
from technical BHC were applied in a 
single application there was no significant 
increase in nut grass; however, when 7.5 
pounds per acre was applied in five annual 
increments of 1.5 pounds each (50 pounds 
of 3 per cent gamma) there was a highly 
significant increase in nut grass. 

The specific mechanism involved in in- 
citing excessive nut grass reproduction 
by certain insecticides is not understood 
and an explanation of this phenomenon 
must await further investigation. How- 
ever, certain pertinent observations have 
been made. It appears improbable that 
the control of some injurious insect could 
have accounted for the increase in nut 
grass, since the total insect damage of all 
sorts was so small. Also, the amount of 
insecticides required to produce the peak 
effect on nut grass is far above that nor- 
mally required to control insects. 

The possibility of nematode control 
was considered. Soil from the various plots 
was examined? for nematodes but resulted 
in no explanation for the difference in nut 
grass response. Also, parathion, which is 
said to have some nematocidal properties, 
did not affect the stand of nut grass. 

No species, either wild or cultivated, 
except nut grass, responded favorably to 
increased amounts of the insecticides. In 
the case of higher rates of BHC all other 
species were strongly suppressed or elimi- 
nated, and at the 500 pound rate of BHC 
even nut grass was suppressed signifi- 
cantly when compared with the 250 pound 
rate. This observation suggests the pos- 
sibility of an ecological interaction. Al- 
though this possibility can not be ex- 
cluded, an appraisal of the growth mani- 
festations of the various weeds, grasses 
and crops in the plots does not lend any 
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particular support to this view. 

It is conceivable that a hormonal or 
hormonal-like effect is brought about by 
the chlorinated insecticides or their prod- 
ucts of decomposition. Present evidence 
indicates that such effects do not involve 
seed formation. Although nut grass pro- 
duces well-formed spikelets, a very low 
percentage of the seeds are viable at this 
latitude. No viable seed were found in 
samples of seed head spikelets taken from 
each of the feld plot treatments in the 
fall of 1952. Nut grass propagates from 
rhizomes, and apical dominance is ex- 
hibited in its chainlike root system of 
tubers. Possibly the insecticides have 
upset the auxins which control this apical 
dominance. Several chemicals are known 
to break apical dominance in other spe- 
cies; for example, ethylene chlorohydrin 
on gladiolus corms, and thiourea on potato 
tubers. 

The abnormal increase in nut grass at 
the Edisto Experiment Station began to 
express itself some 3 or 4 years after the 
general adoption of the use of chlorinated 
hydrocarbons for cotton insect control. 
There is striking evidence that the two 
phenomena are related. If this is true, the 
continued use of these materials, particu- 
larly BHC, may further complicate the 
already difficult problem of weed control 
in cotton. This is especially true since nut 
grass is one of the most difficult of the 
common weeds to control either by culti- 
vation or with herbicides. 

Summary.—A striking increase in nut 
grass abundance is reported which ap- 
pears to be associated with accumulations 
in the soil of chlordane, DDT, toxaphene, 
and especially BHC, but not with para- 
thion. The mechanism by which this 
“stimulation” has come about is not un- 
derstood but certain pertinent observa- 
tions have been made. It does not appear 
that insect or nematode control is in- 
volved. Although the possibility of an 
ecological interaction can not be excluded 
at this time, the growth manifestations of 
the various plant species involved do not 
lend any particular support to this view. 
Nut grass exhibits apical dominance in 
its chain-like root system of rhizomes and 
there is the possibility that the insecti- 
cides have interfered with the auxins 
which control this apical dominance. 


* Dr. T. W. Graham, Plant Pathologist, U.S.D.A., Pee Dee 
Experiment Station, Florence, South Carolina, made the exam- 
inations for nematodes. 
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Thompson et al. 1953 reported the suc- 
cessful use of lindane, TEPP and a combi- 
nation of these two materials as toxicants 
in fly baits. Baits have been used with 
varying degrees of success in the past. 
Morrill, as early as 1914, reported on the 
use of formalin in milk and beer, and such 
baits were used rather extensively some 
years ago. Fly baits containing arsenic are 
in the trade and have had limited use for 
many years. 

Since 1946 when DDT became avail- 
able for commercial use, the Department 
of Entomology at the University of Mary- 
land has maintained a program to study 
the relative value of different insecticides, 
especially the chlorinated hydrocarbons 
for fly control. By 1952 such materials as 
DDT, methoxychlor, chlordane, BHC, 
lindane and dieldrin which formerly had 
given excellent control were generally 
unsatisfactory. Flies were either resistant 
or showing resistance to each of them. 
Tests that year in which these materials 
along with CS-708 and two relatively new 
phosphorus base insecticides, malathion 
and NPD (tetra-n-propyl dithionopyro- 
phosphate) were used; only the last three 
materials showed promise. 

Because of the facts outlined the writers 
undertook a study to evaluate other toxi- 
cants in baits for fly control. A total of 
27 chemicals were studied (Table 1). 
Sugar solutions poisoned with three phos- 
phorus base materials; namely, malathion, 
Diazinon and a dialkyl phosphate re- 
ceived under the code name of Bayer’s 
L 13/59 gave unusually satisfactory re- 


sults in the laboratory and under field 
conditions. 

MetuHops AND Procepures.—All baits 
were first tested in the laboratory. Those 
showing promise were then taken to the 
field for practical evaluation, where they 
were tested in a variety of situations such 
as dairy barns, animal pens, manure piles, 
garbage dumps, chicken houses and camp 
sites, as well as in back yards and on 
porches around homes. Basic field tests in- 
volved 51 barns, mostly dairy barns, and 
one entire town. 

Cane sugar and black strap molasses 
were used to bait and attract the flies. 
Since under field conditions no practical 
differences in control were observed be- 
tween the two materials, and molasses was 
was found to be objectionable in some 
cases due to stains and discolorations, 
cane sugar became the standard attract- 
ant. 

The flies used in laboratory work were 
the 1951 NAIDM strain and were reared 
by the procedure described in the Peet- 
Grady Method. The flies tested were 2 or 
3 days old, and selected at random with- 
out regard to sex. They were starved for 
12 hours before being offered bait. The 
tests were made by introducing 30 flies 
into screened cages, size 10X12X13 
inches. Each cage contained two petri 
plates, one of which contained a filter 
paper moistened with the attractant, the 
other with the attractant plus the insecti- 


1 Scientific article No. A-452 (Contribution No. 2517). Mary- 
land Agricultural Experiment Station. Presented at the Eastern 
Branch meeting, E.S.A. November, 1953. 
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Table 1.—Effectiveness of 27 compounds used 
as toxicants for killing house flies in a 12.5 per 
cent sugar solution. 








LABORATORY FieLp 


Degree of 
Control After 
24 hours 


Per Cent Down or Dead 


30 min. Lhr. 24 hrs. 


INSECTICIDE 





Aldrin 1% 20 76 100 
BHC 1% 43 76 100 
Bayer Compound 

L 13/59 .1% 54.5 56.5 100 Excellent 
Chlordane 1% 10 20 100 - 
Chlorobenzilate 1% 0 0 60 — 
DDT 1% 30 44 98 Unsatisfactory 
CS-708 1% 13 20 80 Fair 
Diazinon 1% 23 36 96 Excellent 
Dieldrin 1% 20 66 100 Unsatisfactory 


Heptachlor 1% 6 48 100 Unsatisfactory 


Lindane 1% 3 6 100 Unsatisfactory 
Lethane 384 3% 0 0 0 — 

Malathion 1% 43 56 93 Excellent 
Metacide 1% 23 23 100 - 
Methoxychlor 2% 23 20 93 Unsatisfactory 
N.P.D. 1% 36 40 90 - 

Parathion 1% 13 13 90 

Strobane 1% 10 36 96 

TEPP .5% 53 56 100 Excellent 
Toxaphene 1% 40 56 100 Unsatisfactory 
Borax (Saturated) 0 0 33 

Boric Acid 0.63% 3 3 50 

CuSO. 2% 0 0 36 

Formalin 2% 16 16 30 

Cryolite 1% 0 0 0 

NaF 2.5% 0 0 66 

Rotenone 1.3% 0 0 50 





cide being tested. By this method the 
flies had a choice between poisoned and 
non-poisoned food. Each test was repli- 
cated one or more times, and each chemi- 
cal was tested on two or more occasions. 

Under field conditions the baits were 
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applied with either a sprinkling can or a 
compressed air sprayer adjusted to de- 
liver a coarse spray. In several instances 
where large dumps were involved, or the 
area to be treated was extensive a power 
sprayer was used. The sprinkling can was 
used in barns with concrete floors. There 
the baits were applied to the floors. Where 
concrete floors were not available the baits 
were applied as a coarse spray to window 
ledges, door jambs, stanchion pipes, ceil- 
ing beams, and other such locations where 
flies usually congregate. 

Resutts.—Of the 27 chemicals under 
test (Table 1) only organic phosphates 
showed outstanding performance under 
field conditions. Because of their ex- 
tremely poisonous nature parathion and 
Metacide were not used in animal barns, 
but the others, malathion, TEPP and two 
relatively new experimental products; 
namely, Diazinon and a water soluble 
dialkyl phosphate received under the code 
name of Bayer’s L 13/59 were found to be 
excellent toxicants in fly baits. At the 
proper dosage level these materials seemed 
to be equally effective for eliminating flies 
from barns. Table 2 shows results from 
various concentrations of these materials 
for killing flies under laboratory condi- 
tions. Malathion, Diazinon and Bayer’s 
L 13/59 were found to remain toxic in 


Table 2.—Effectiveness of some organic phosphate insecticides used as toxicants in house fly baits 


in the laboratory. 








Per CENT 
ATTRACTANT 


Per Cent 


INSECTICIDE DosaGE 


Per Cent Knockpown Arter FoLLowineG INTERVALS 





24 Hrs. 














10 Min. 30 Min. 1 Hr. 

Malathion 1.5 12.5 sugar 26 30 33 100 
57% emulsion 1 12.5 sugar 33 43 56 93 

29 6 sugar 33 56 70 100 
Wettable powder .013 12.5 sugar 16 30 33 83 
Diazinon 1 12.5 sugar 13 23 36 96 
10% emulsion 1 10 Dimalt 30 33 40 100 
10% emulsion 2 12.5 sugar 0 23 26 100 

.29 6 sugar 10 30 43 100 
Wettable powder .013 12.5 sugar 23 30 33 86 
Bayer Compound 1 12.5 sugar 14.5 36.5 53.0 100 
IL, 13/59 al 12.5 sugar 49.5 54.5 56.5 100 
Technical Powder .013 12.5 sugar 46.5 54.5 63.0 98.5 
Water Soluble .002 12.5 sugar 0 0 0 60 
TEPP <a 6 sugar 50 60 66 — 
10% liquid 2 12.5 sugar 30 36 43 96 

5 12.5 sugar 26 53 56 100 
Metacide 1 12.5 sugar 20 23 23 100 
N.P.D. 1 12.5 sugar 0 36.6 40.0 90.3 
Parathion 1 12.5 sugar 6.6 13.3 13.3 90 
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prepared baits for several weeks and there- 
fore would kill flies for considerable peri- 
ods after application. In every place where 
baits prepared with the above materials 
were used excellent fly kills were obtained. 
TEPP, while an excellent fly killer, had a 
disadvantage in that it lost its killing 
qualities within 6 to 8 hours after being 
mixed with sugar and water. In some 
barns estimated counts showed from 
50,000 to 70,000 dead or dying flies on 
the floor within the brief period of from 1 
to 2 hours after application. Flies would 
begin to drop and die within 10 minutes 
after application and usually from 80 to 
90 per cent of the flies in the barns would 
be dead in from 1 to 3 hours. 

There was a great variation between 
laboratory and field results where the 
chlorinated hydrocarbons were used. A 
total of 11 of these insecticides were 
tested (Table 1) and all gave excellent 
kills on non-resistant flies under labora- 
tory conditions. Six of these, DDT, 
dieldrin, heptachlor, lindane, methoxy- 
chlor and toxaphene were tested in barns 
and none gave effective control. The mis- 
cellaneous products tested such as borax, 
copper sulphate, formalin, cryolite, 
sodium fluoride, and rotenone were rela- 
tively ineffective at the dilutions they 
were used. A fair degree of control was 
obtained with CS-708, but the results were 
not comparable with those obtained with 
the organic phosphates, 

Ma.atuion Barrs.—Because of availa- 
bility and known information on the low 
order of toxicity of malathion to warm 
blooded animals, it was tested extensively 
for fly control. Baits were tested in which 
both the malathion and sugar content were 
varied, the malathion from 4 to 2 ounces 
of 57 per cent emulsion, and the sugar from 
3 to 2 pounds in 1 gallon of water. All of 
these concentrations were effective for 
eliminating flies from barns when used 
daily or every second day. The length of 
time barns remained free of flies after the 
last bait application varied considerably 
regardless of the concentration of poison 
or sugar in the bait. However, the residual 
effectiveness of the baits was usually 
greater at the higher concentrations of 
malathion and sugar. The maximum 
period of protection obtained with the 
most concentrated bait was 2 weeks and 
the minimum period for the weakest 
formulation was 1 day. In several in- 
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stances flies began to build up in from 2 
to 5 days after an application of most con- 
centrated bait. Other factors than con- 
centration influenced the lasting qualities 
of the baits. So concentration should not 
be considered as the criterion. The daily 
treatments that the barns received, as well 
as the fly breeding conditions in and 
around them, appeared to have consider- 
able influence on the lasting qualities of 
the bait. In floor treatments where the 
floors¥were scrubbed, hosed and limed 
daily there was no advantage from using 
the higher concentrations. On the other 
hand if the bait was applied to non- 
alkaline surfaces in relatively undisturbed 
situations considerable residual action was 
obtained from the use of the higher con- 
centrations. A bait consisting of 2 ounces 
of 57 per cent miscible malathion, 2 
pounds of sugar and 2 gallons of water 
properly applied with either a sprinkling 
can or a small compressed air sprayer was 
quite satisfactory. One application usually 
killed and kept a barn approximately free 
of flies for from 3 to 7 days. Because of 
the outstanding fly control being obtained 
in some of the test barns, word of the 
effectiveness of baits spread and mala- 
thion was used rather extensively by farm- 
ers in many communities in Maryland. 
Reports were received from 15 County 
Agents on the use of malathion baits. 
Every report showed excellent results. 
Several stated that their farmers felt it to 
be the most successful fly control product 
they had ever used. 

The amount of bait required to treat a 
barn naturally varied with its size. But 
for the average 40 to 50-stall dairy barn 
from 2 to 8 gallons of bait applied to the 
concrete floor or to stanchion pipes, door 
jambs, window sills, and over head beams 
as a coarse spray with a compressed air 
sprayer was usually ample. 

Ursan Fry Controu.—The garbage 
cans throughout the entire city of Easton, 
Maryland, a town with a population of 
approximately 5,000 were sprayed with a 
bait containing 1 gallon of 57 per cent 
malathion emulsion, 50 pounds of sugar 
and 100 gallons of water. This was ac- 
complished by assigning one man with a 
compressed air sprayer to each garbage 
truck, and as the garbage cans were emp- 
tied he sprayed the cans, their lids, and 
the area immediately surrounding them. 
The value of this operation was very 
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evident in surveys which followed within 
2 hours of the spraying operation. Great 
numbers of dead house flies, blue and 
green bottle flies, as well as numerous 
black blow flies, Phormia regina (Meig.), 
could be found around the garbage pails. 
Fly counts in which the number of dead 
and living flies found in the immediate 
vicinity of the garbage cans indicated that 
from 90 to 95 per cent of the flies had been 
killed. In an effort to determine the value 
of this bait on the total fly population in 
the town over a 10-day period, fly popula- 
tions were studied before and after treat- 
ment by the methods described by Schoof, 
(1951), and duplicated by Burkhardt 
(1953). Fly counts were made with a modi- 
fied Scudder grill. On the basis of grill 
counts made before and after treatment, 
the fly population during the 10-day 
period was reduced 50 per cent. 
SUMMARY.—Twenty seven chemicals 
were studied and evaluated for possible 
use in baits for fly control. Three phos- 
phorus base chemicals; namely, malathion, 
Diazinon and Bayer’s L 13/59 showed 
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outstanding promise when used in sugar 
solutions. 

Because of its low toxicity to warm 
blooded animals, baits prepared with 
malathion were tested extensively in a 
variety of situations. These baits were 
found to be efficient for controlling flies 
in barns when applied to either the con- 
crete floors with a sprinkling can or to the 
window ledges, door jambs, stanchion 
pipes and overhead beams as a coarse 
spray. Malathion baits also showed prom- 
ise in urban fly control. 

Baits prepared with chlorinated hy- 
drocarbons as the poisoning agent were 
effective for killing non-resistant flies 
under laboratory conditions, but were 
unsatisfactory under field conditions. 
Baits poisoned with CS-708 gave a fair 
degree of control under field conditions, 
but the results were not comparable with 
those obtained with organic phosphates. 
The several miscellaneous products such 
as borax, copper sulphate, formalin, 
sodium fluoride and rotenone which were 
tested were relatively ineffective. 
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The trombidiform mite, Myobia mus- 
culinus (Schrank,), and the sarcoptiform 
mite, Myocoptes musculinus (Koch), are 
common parasites of laboratory mice. 
Both are very minute (approximately 
0.20-0.40 mm. in length) but vary in 
general appearance, Myobia being elon- 
gate in shape with the front legs modified 
for clasping the hairs of the host, while 
Myocoptes is somewhat broader and 
shorter with lege III and IV modified as 
hair claspers. Although widely separated 
taxonomically, these mites are very simi- 
lar in habits. Apparently neither form is 
a blood-sucker, each reportedly feeding 
upon oily secretions in the hair-follicles, 
though this type of feeding is a contro- 
versial point with respect to Myobia 
(Ewing 1938, Baker & Wharton 1952, 
Grant 1942). The constant irritation 
‘vaused by a large number of these pests 
undoubtedly has a marked debilitating 
effect upon the animal. Furthermore, it 
has been stated by Snell (1941), that mice 
infested with Myobia sometimes mutilate 
themselves so severely by scratching that 
they must be discarded. While the pres- 
ence of a limited infestation can be deter- 
mined only by a microscopic examination 
of the animals, more heavily infested in- 
dividuals may be detected readily by 
their emaciated condition and the slightly 
mangy, lusterless appearance of the coat. 

During the greater part of 1952, a study 
was conducted on the control of these 
mites on a colony of mice. An attempt was 
made to find an effective and feasible 
treatment which could be applied without 
increasing materially the routine work 
connected with the maintenance of the 
colony. Preliminary tests with a number 
of materials, including Ovotran,? Neotran,? 
Aramite, DDT, and lindane, indicated that 
lindane was the most promising. Work 
was continued to determine the effective- 
ness of lindane and to test a limited num- 
ber of potential compounds not included 
previously. While the tests were directed 
against a mixed population of both mites, 
they will be treated as a single form since 
no appreciable difference in the results 
was observed. 


Control of Myobia musculinus (Schrank) and Myocoptes 
musculinus (Koch) on Laboratory Mice’ 
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Meruops.—The hosts used in these 
tests were practically all C3H strain mice. 
This large agouti strain with rather course 
thick hair was found to be not only the 
most heavily infested but also the most 
tractable of the strains available. The 
mice were maintained in 43 X26 X20 cm. 
plexiglass cages with perforated metal 
covers. White pine shavings were used as 
bedding. These were changed and the 
cages cleaned twice weekly in accordance 
with the regular schedule in the colony. 
Some treatments were made by apply- 
ing a pinch of the material directly to the 
body of the animal and rubbing it 
thoroughly into the fur, but the majority 
of applications were made by either 
sprinkling lindane or chlordane over the 
fresh bedding before the mice were re- 
turned to the clean cage, or shaking the 
animals for a few seconds with a small 
quantity of sulphur in a closed container 
and then returning them to a clean cage. 
Because of the minute size of the para- 
sites, the large numbers involved (ap- 
proximately 1,000 to 1,500 per heavily- 
infested animal), and the activity of the 
host during examination, evaluation of 
results was made partially on a qualita- 
tive rather than a quantitative basis. The 
degree of infestation was determined mi- 
croscopically, prior to treatment, and at 
frequent intervals during the test. At the 
termination of each test the animals were 
sacrificed by cervical dislocation and kept 
for several hours until the mites migrated 
to the ends of the hairs. It was possible 
then to make an accurate count of the 
total number on the host. Since the ap- 
proximate number of mites at the various 
levels of infestation (heavy, medium or 
light) had been established by counts 
made on dead, untreated animals, a close 
estimate of the percentage control based 
on the initial observation and the final 
count could be made in each test. In order 
to secure reliable samples, repeated tests 
of the same materials were made on small 


1 Contribution from the Department of Entomology, Uni 
versity of Massachusetts, Amherst. 

2 Trade name for p-chlorophenyl p-chlorobenzene-sulfonate. 

3 Trade name for bis(p-chlorophenoxy) methane. 
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numbers of animals in practically all in- 
stances. A number of untreated animals 
were maintained as controls in each 
group. 

To determine the possible toxicity to 
the animals of the various materials, as 
indicated by loss in weight, treated and 
untreated animals were weighed at fre- 
quent intervals. 

Resutts.—lInitial experiments with 
lindane were conducted with 0.5 per cent 
dust, but after the completion of two 
tests the concentration was increased to 
1.0 per cent, since 0.5 per cent did not 
provide satisfactory control even with 
frequent retreatments. Lindane was tested 
both as a body and a bedding treatment. 
The length of the test periods varied from 
18 to 84 days, with retreatments being 
made in most tests. In general, there was 
an abrupt drop in the mite population 
following each application, but usually 
an appreciable increase in numbers oc- 
curred in about 2 weeks. This indicates 
that lindane was not ovicidal and that the 
residual action was of short duration. 

The percentage control obtained with 
the various materials and methods of ap- 
plication is summarized in table 1. Good 
control with lindane was obtained in most 
cases only by repeated applications. Ap- 
plications to the bedding were slightly 
more effective than applications on the 


Table 1.—Control of Myobia musculinus and 
Myocoptes musculinus on laboratory mice with 
various dusts and methods of application. 








NUMBER OF 








Per Grams ——— —— PER 
Insec- CENT Ap- Treat- CENT 
TICIDE Conc. PLIED Mice ments ConTROL 
Applied to Animals 
Lindane 0.5 5 3 80 
Lindane 0.5& 4 4 95 
1.0! 
Sulphur? 100 128 1 99+ 
Sulphur 100 4 1 98 
Sulphur 100 Q 1 97 
Sulphur 100 4 1 96 
Sulphur 100 2 1 95 
Applied to Bedding 
Lindane 0.5 15 4 3 90 
Lindane 0.5& 30.5 4 7 94 
1.04 
Lindane 1.0 10 6 1 98 
Chlordane 5.0 5 8 1 94 





1 First three treatments 0.5 per cent, fourth treatment 1.0 
per cent. 

2 325-mesh dusting sulphur. 

8 Five tests, 1 to 4 mice per test. 

* First treatment 0.5 per cent, all others 1.0 per cent. 
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Fia. 1.—Average weight fluctuations over a two- 
week period of eight mice untreated and eight mice 
treated with Lindane. 


animals. One test with chlordane applied 
to the bedding gave results comparable 
to those obtained with lindane. 

Twenty-four hours after the application 
of sulphur, hundreds of dead mites were 
attached to the hairs of the treated ani- 
mals, although many live mites were 
evident as late as 3 days after treatment. 
Most of the tests were terminated after 
40 to 48 days. The high degree of control 
obtained with a single treatment indicates 
that sulphur is either effective against all 
stages of the mites or that residual action 
occurred. The sulphur usually was visible 
among the hairs of the host several days 
after application. 

Many of the animals under test for 
mites were infested with a louse, Polyplax 
serrata (Burmeister), which is an import- 
ant parasite of the laboratory mouse. 
Good control of this pest with sulphur oc- 
casionally resulted, but eradication was 
obtained by sprinkling 2 gms. of 5 per 
cent chlordane over the fresh bedding of 
a mouse cage. A number of tests showed 
that this material was compatible with 
sulphur, and that the combination was 
harmless to the mice. 

None of the materials, as applied in 
these tests, were materially toxic to the 
animals. During the test period of about 
11 months only three mice died, two in 
treated groups and one in a control group. 
The majority of the animals, being ap- 
proximately 15 months old or older, were 
approaching the end of their normal life 
span. However, the death rate was com- 
parable with that of the colony as a whole 
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and may be attributed solely to natural 
causes. Some of the animals treated with 
sulphur suffered a slight dermatitis and 
loss of hair, but recovery was rapid and 
the hair was replaced within a few weeks. 

Typical weight records from several 
tests are presented graphically in figure 1. 
The curves show the average fluctuation 
in weight of 8 animals treated with 
lindane together with that of an equal 
number of controls. Lindane-treated ani- 
mals exhibited an initial loss of weight, 
followed after several days by a gain and 
maintenance above the control group. 
This was recorded repeatedly regardless 
of the method of application. Similar re- 
sults were obtained with sulphur. Subse- 
quent increase in weight of all treated 
animals was presumed to reflect improved 
condition following control of the para- 
sites. 

Discussion.—Caution must be used in 
interpreting the results since little is 
known regarding the biology of these 
mites. Either the lindane or chlordane 
bedding treatment or the sulphur body 
treatment was an effective means of con- 
trolling these mites on mice reared under 
conditions described above. Chemical 
control of external parasites of the labora- 
tory mouse is necessarily restricted to the 
use of materials in dust or powder form 
since spraying is laborious and dipping 
involves the risk of the mice developing 
pneumonia (Snell 1941). While good 
control undoubtedly can be maintained by 
frequent applications of 1 per cent lindane 
or 5 per cent chlordane to the bedding, it 
should be kept in mind that these materi- 
als are toxic to warm-blooded animals, 
and therefore must be used with caution. 
Sulphur, on the contrary, is a relatively 
harmless material and the data indicate 
that good control can be achieved with 
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applications at bi-monthly or even less 
frequent intervals. It is safe to use on 
animals as young as 2 weeks of age, thus 
permitting universal application in the 
case of a severe outbreak. Furthermore, 
the animals may be deloused simultane- 
ously by the application of chlordane to 
the bedding. 

Although some movement of mites 
from animal to animal occurs, the spread 
is mainly from a dead animal to the other 
occupants of a cage. Therefore, it is a good 
supplementary practice to remove and 
destroy all dead animals as frequently as 
possible. Since infestation tends to in- 
crease with the age of the animal it is not 
only good management but also a means 
of retarding increase of the mite popula- 
tion if over-age animals are eliminated. 

SumMary.—Myobia musculinus (Schrank) 
and Myocoptes musculinus (Koch) are 
common parasites of laboratory mice. 
Tests against these mites were conducted 
on C8H strain animals. The majority of 
the materials tested were applied either 
to the bedding or to the animal by shaking 
them in a closed container with the 
chemical. Good control was obtained with 
frequent applications of 1.0 per cent lin- 
dane, but sulphur is considered to be 
superior from a practical standpoint, 
since, as a rule, one application is effective 
over a period of several weeks and the 
material is relatively harmless to the mice. 
Control of the louse, Polyplax serrata 
(Burmeister), an important parasite of 
the mouse, was obtained by applying 5 
per cent chlordane to the bedding. Chlor- 
dane may be used in conjunction with the 
sulphur treatment. Control measures 
should be supplemented by frequent re- 
moval and destruction of dead mice, and 
by preventing the accumulation of over- 
age animals, 
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The Effect of Systox on Some Common Predators of 
the Cotton Aphid! 


Mostara Kamau AumMeED,? L. D. Newsom, R. B. Emerson, and J. S. Roussen 


Little information is available concern- 
ing the effect of Systox on predaceous 
insects. Several species of predators are 
important in controlling such cotton pests 
as the cotton aphid, spider mites, boll- 
worm and tobacco budworm. The work 
reported here summarizes a study of the 
effect of Systox upon some of these pred- 
ators. 

Review oF Lirerature.—Ripper e¢ al. 
(1949) reported that no dead adults or 
larvae of Coccinella septempunctata and 
Adaila bipunctata were ever found in 
fields treated with the systemic phos- 
phate schradan and that moribund aphids 
from sprayed plants were not toxic to 
adult coccinellids. They also noted that 
the larvae of Syrphus sp. were usually not 
killed by spray formulations in field trials 
and that pupae of A phidius sp. survived a 
5 per cent spray formulation with no ap- 
parent toxicity to the adults. 

Ripper et al. (1951) stated that, 
“Schradan causes no, or, at worst, a low 
mortality of beneficials, but C.R. 409° and 
Isopestox* give a very high mortality 64 
hours after spraying. . . . while Schradan, 
in the experiments proved to be a selec- 
tive insecticide, C.R. 409 and Isopestox 
did not.”” They reported that when C.R. 
409 and Isopestox were applied to the soil 
or irrigation water these two non-selec- 
tive insecticides became selective and 
behaved like schradan with nearly no 
effect on predators. 

Hanna eft al. (1952) cited experiences in 
the control of mealybugs on cacao trees 
with C.R. 409 in which it was found that 
the number of coccinellids was reduced 
from 107 to 3, 6 weeks after application 
when applied as a soil treatment. They 
explained the reduction in population of 
these predators on the basis of a lack of 
sufficient mealybugs to support them. 
Jeppson et al. (1952) used both Systox and 
schradan as trunk treatments to control 
citrus red mite on citrus thinking that 
this method of application would have 
the advantage of not affecting natural 

enemies of the mite. 

Reynolds et al. (1953) reported that 
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Orius tristicolor (White) was the only 
species affected of several important 
beneficial insects in cotton when it was 
sprayed with Systox. 

ProcepuRE.—Large populations of the 
cotton aphid, Aphis gossypit Glover used 
as a source of food"for,the various pred- 
ators were maintained on Deltapine 15 
cotton grown in soil beds in a green- 
house. Frequent applications of methoxy- 
chlor were made to control parasites so 
that high populations of aphids could be 
maintained. Colonies of three species of 
syrphids, Baccha clavata (F.), Metasyrphus 
wiedemanni (Johnson) and Allograpta 
obliqua (Say) were maintained on these 
plants. Five species of coccinellids, 
Seymnus haemorrhous Lec., S. creperus 
Muls., Hippodamia convergens (Chev.), 
Coleomegilla maculata (Deg.), Cycloneda 
sanguinea (L.) and two species of lace- 
wings, Chyrsopa rufilabris Burmeister and 
C. oculata Say®, were reared in screen 
cages 14 by 14 by 18 inches in size. Potted 
cotton plants heavily infested with the 
cotton aphid were used to supply food. 
The cages were examined each day and 
eggs were removed to petri dishes where 
they were left until the larvae hatched. 
First instar larvae were used in all tests 
except in the case of the syrphids where 
middle instars and full grown larvae were 
used. 

To obtain poisoned aphids on which to 
feed the predators, cotton leaves heavily 
infested with the cotton aphid were 
clipped from the plants and treated with 
Systox®, principally 0, o-diethyl-0-2- 
(ethylmercapto)-ethyl thiophosphate, di- 
luted 1 part to 800 parts of water. Where 
the radioactive material was studied 


1 The data in this paper are taken in part from a dissertation 
submitied by Mostafa Kamal Ahmed in partial fulfillment of 
the requirements for the degree of Doctor of Philosophy in 
Entomology, Louisiana State University, Baton Rouge, Loui- 
siana. 

2 Present address, College of Agriculture, Fouad 1st Uni- 
versity, Giza, Egypt. J ‘ 

3 Bis-(mono-isopropy! amido)-fluorophosphine oxide. 

4 Bis-(dimethy] amido)-fluorophosphine oxide. f 

5 All insects identified by the Division of Insect Identifica- 
tion, Bureau of Entomology and Plant Quarantine, U. S. De- 
partment of Agriculture. : 

6 Furnished by the Chemagro Corporation. 
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Table 1.—The effect of feeding cotton aphids killed by Systox to three species of syrphid larvae. 



































INpI- Insects Drap on Day INDICATED 
VIDUALS — Perr Cent 
SPECIES Category TESTED Ist 2nd Srd 4th Sth 6th 7th KILLED 

Baccha clavata Treated 109 49 36 16 4 1 97.8 
Check 109 0 0 0 0 0 

Metasyrphus wiedemanni Treated 101 38 652 6 98.3 
Check 101 0 0 0 

Allograpta obliqua' Treated 102 23 39 $1 9 100 
Check 102 0 0 0 0 

Allograpta obliqua Treated 96 Babe [18 Br 7 1 67.2 
Check 96 0 0 0 0 0 0 0 

1 Middle larval instars were used; full grown larval instars used in other tests. 


Systox’ tagged with S*® having a specific 
activity of 4.7 millicuries per milligram 
was used at the same concentration. The 
upper surface of the leaf was painted 
thoroughly with the diluted Systox by 
means of a cottonswab. A second applica- 
tion was made after the first had dried. 
After a 15-minute period which allowed 
the second application to dry the leaves 
were placed lower surface up on a sheet of 
clean paper. By this method all the aphids 
killed were saved since the leaves were 
lying flat and the aphids which crawled 
from the leaves were caught on the sheet 
of paper. This technique allowed for the 
use of aphids poisoned by Systox without 
any external contact with the insecticide. 
When most of the aphids had become 
moribund—after 2 or 3 hours—they were 
brushed from the treated leaves with a 
camel’s-hair brush onto an untreated 
leaf in a petri dish. Five to 10 predators 
in the larval stage, or not more than five 
in the adult stage, were placed in each 
dish. A piece of dark paper was fitted in- 
side the cover of each dish to keep the 
insects near their food instead of being 
attracted by the light to the tops of the 
dishes. Appropriate controls were con- 
ducted by using unpoisoned aphids as a 
source of food. A fresh supply of food was 
given the predators twice each day for a 
period of 1 week. Counts were made each 
day of the living, moribund, and dead 
predators and of those that had pupated. 
Pupae were considered alive in all experi- 
ments. Abbott’s formula (1925) was used 
in calculating percentage kill. 

Predators fed aphids killed by feeding 
on leaves treated with radioactive Systox 
were dried at 110 degrees C. for 24 hours, 


ground to a powder, placed in small glass 
vials and stored over calcium chloride in a 
dessicator until ready for assaying radio- 
activity. For counting, a sample from each 
vial was transferred to a watch glass 26 
mm. in diameter. The mounted sample 
was then placed in a reproducible position 
beneath the window of a Geiger-Muller 
end-window tube which was installed in a 
vertical lead shield. This equipment was 
operated in an insulated room in which 
the temperature was maintained at about 
70 degrees F. and the relative humidity at 
about 50 per cent. Counting rates were 
corrected for background, resolving time, 
and progressive decay of the S® to give 
values in terms of number of counts per 
minute per milligram of sample. Care was 
taken to use approximately equal 
amounts of each sample and to distribute 
them over the watch glasses in such a 
manner as to present approximately 
equivalent surface areas for measurement. 

Discussion oF Resuttrs.—The results 
are presented in tables 1 to 8 inclusive. 
Syrphid larvae were highly susceptible to 
Systox when fed on aphids poisoned by 
feeding on cotton leaves treated with 
the material. All instars were susceptible 
except full grown larvae of Allograpta 
obliqua. Last instar larvae of this species 
were somewhat resistant to Systox. 
Larvae of Baccha clavata and Metasyrphus 
wiedemanni fed on posioned aphids for a 
period of 24 hours and then became mori- 
bund. All became moribund after the first 
day; and most of them died within 3 days. 
All of the individuals of A. obliqua fed 
poisoned aphids during the early or 


7 Prepared at Oklahoma A & M College and furnished by 
Chemagro Corporation. 
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Table 2.—Counts per minute per milligram of 
syrphid larvae and pupae fed on aphids killed by 
1:800 radioactive Systox. 








Counts per MINuTE PER MILI- 
GRAM OF SAMPLE 
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Table 4.—Counts per minute per milligram of 
Hippodamia convergens larvae when fed on cot- 
ton aphids killed with radioactive Systox begin- 
ning at the first larval instar. 








Counts PER MINUTE 











Allograpta Metasyrphus NUMBER PER MILLIGRAM 
STAGE obliqua! wiedemanni? OF oF SAMPLE 
Larvae 1.89 85 ? FEEDING : 
Pupae 1.11 .18 STAGE Days Alive Dead 
1 The larvae died or pupated after 48 hours. 3rd instar 5 4.26 22.80 
2 The larvae died or pupated after 24 hours. 5th instar 8 7.29 15.32 


middle instars died within 4 days. How- 
ever, only 67.2 per cent of the full grown 
larvae died after being fed on the poisoned 
aphids and the remainder were able to 
pupate (Table 1). Apparently normal 
adults emerged from individuals which 
pupated. Full grown larvae of this species 
did not become moribund until the second 
day of feeding on poisoned aphids and were 
able to survive in contrast to larvae of the 
other two species. When full grown larvae 
of A. obliqua and M. widemanni were 
killed by being fed aphids poisoned with 
radioactive Systox they showed radio- 
activity of 1.89 and 0.85 counts per min- 
ute per milligram respectively which again 
indicates that A. obliqua is more resistant 
(Table 2). 

The five species of coccinellid larvae 
were affected by Systox in the following 
decreasing order of susceptibility: Seym- 
nus haemorrhous, Cycloneda sanguinea, S. 
creperus, Hippodamiaconvergens and Coleo- 
megilla maculata (Table 3). Larvae of C. 
maculata were almost immune to Systox 
when fed poisoned aphids. Larvae of S. 
haemorrhous were susceptible in all in- 
stars but the last instar larvae of the other 





species were able to survive feeding on 
poisoned aphids until they pupated. 
Larvae of H. convergens which were able 
to survive feeding on aphids poisoned by 
radioactive Systox showed less radio- 
activity than individuals which were not 
able to survive when fed in the same 
manner for the same period of time 
(Table 4). The radioactive material ap- 
parently accumulates in the body of the 
larvae since third instar larvae and fifth 
instar larvae which survived treatment 
contained 4.26 and 7.29 counts per min- 
ute per milligram, but those killed by the 
treatment contained 22.80 and 15.32 
counts per minute per milligram respec- 
tively (Table 4). 

Adults of the same five species of 
coccinellids were much more resistant to 
Systox than their larvae except in the case 
of Cycloneda sanguinea where 56 per cent 
of the individuals used in tests were 
killed (Table 5). Adult Hippodamia con- 
vergens showed much less radioactivity 
than their larvae when both were fed on 
poisoned aphids. Radioactivity measured 
in adults of this species which emerged 


Table 3.—The effect of feeding cotton aphids killed by Systox to five species of Coccinellid larvae. 















































INpI- Insects DEap on Day InpicatTep 
VIDUALS §=—————— Per Cent 
SPECIES Category TEsTED Ist 2nd 8rd 4th Sth 6th 7th KILLED 

Scymnus haemorrhous Treated 108 17 #39 «#16 5 1 100 
Check 108 0 0 0 0 0 

Scymnus creperus Treated 164 69 21 28 9 6 3 79.5 
Check 164 0 0 0 0 0 0 

Cycloneda sanguinea Treated 138 2 18 19 18 2 21 18 88 
Check 138 5 0 7 2 g 1 0 

Hippodamia convergens Treated 97 2 6 9 18 2 6 6 51.6 
Check 97 0 oO 1 e* ¢ ¢ 1 

Coleomegilla maculata Treated 103 Q 2 0 0 1 0 0 $.7 
Check 103 1 0 0 1 1 0 0 
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Table 5.—The effect of feeding cotton aphids killed with Systox to five species of Coccinellid 





adults. 

INpDI- 

VIDUALS 

SPECIES CaTEGORY TESTED 
Seymnus haemorrhous Treated 102 
Check 102 
Scymnus creperus Treated 102 
Check 102 
Cycloneda sanguinea Treated 101 
Check 101 
Hippodamia convergens Treated 100 
Check 100 
Coleomegilla maculata Treated 103 
Check 103 


Insucts DeEAbD ON Day InpIcaTEep 
- - —- Per CENT 
5th 6th 7th KILLED 


Ist 2nd 3rd 4th 


0 1 0 0 0 0 0 95 
a 0 0 0 0 0 0 


0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

0 t 1] 11 11 11 8 56 
0 0 0 0 0 0 0 


_ 
w 
~ 
oS | 
~~ 


0 l 0 2 0 
0 0 0 l 0 0 0 


0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 





Table 6.—Counts per minute per milligram of 
Hippodamia convergens adults fed for various 
periods of time on cotton aphids killed by radio- 
active Systox. 


Table 7.—Counts per minute per milligram of 
Hippodamia convergens prepupae and adults 
after feeding the larvae on aphids killed with 
radioactive Systox. 








Counts PER MINUTE 
PER MILLIGRAM 


NUMBER OF 
Freepine Days 





3 0.56 
6 0.65 
9 1.23 
12 1.21 
15 0.80 
18 1.03 





from larvae fed poisoned aphids, showed 
less radioactivity than larvae in the pre- 
pupal stage (Table 7). Lower counts ob- 
tained from the adults were due, at least 
in part, to the loss with the cast pupal 
skin which showed much more radioac- 
tivity than the adult or the larvae (Table 
7). This cast skin consists of both the last 
larval instar skin and the pupal skin. 
There may also be an accumulation of the 
material in the body of the adults as well 
as in the larvae. Adults fed for 3 days on 
aphids poisoned with the radioactive 


CouNTS PER MINUTE PER 
MILLIGRAM OF SAMPLE 
NUMBER OF ——————— 








FEEDING Cast Pupal 
Days Prepupae Adults Skin 
4 91 75 —_ 
3 1.99 1.30 = 
7 4.51 2.49 — 
9 7.70 6.48 44.03 





material showed 0.56 counts per minute 
per milligram compared to 1.03 counts 
per minute per milligram for those fed for 
18 days (Table 6). 

All stages of larvae of Chrysopa oculata 
and C. rufilabris were practically immune 
to Systox when fed cotton aphids poi- 
soned by the material. Only 2 per cent 
of the entire number tested of both species 
died (Table 8). Larvae of Chrysopa 
oculata fed for a period of 8 days on aphids 
killed with radioactive Systox showed 


Table 8.—The effect of cotton aphids killed by Systox when fed to first instar larvae of two species 


of Chrysopa. 























INDI- Insects Deap on Day INDICATED 
Chrysopa WOU Per CENT 
SPECIES CATEGORY TESTED Ist 2nd 3rd 4th Sth 6th 7th KILLED 
rufilabris Treated 105 0 1 2 2 0 0 1 2 
Check 105 2 0 1 0 0 2 
oculata Treated 112 0 1 3 0 0 0 0 2 
Check 112 0 0 0 0 0 2 1 
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1.54 counts per minute per milligram but 
were able to survive. 

SumMary.—The indirect effect of 
Systox on several species of predaceous 
insects was studied by feeding them on 
cotton aphids poisoned with the insect- 
icide. Three species of Syrphidae tested 
were highly susceptible in all larval 
stages. Susceptibility of larvae of five 
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species of Coccinellidae tested ranged 
from 100 per cent in Scymnus haemorrhous 
to 3.7 per cent in Coleomegilla maculata. 
Adult Coccinellidae fed on poisoned 
aphids were not affected except for 
Cycloneda sanguinea of which about 50 
per cent were killed. Larvae of two species 
of Chrysopa were practically immune to 
Systox. 
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Biology and Control of Brevipalpus inornatus (Banks)! 


Frank S. Morisuita,? Department of Entomology, University of California, Los Angeles 


Although several investigators have 
made observations relating to the taxon- 
omy of the privet mite, Brevipalpus in- 
ornatus (Banks), very little has been 
reported concerning its life history. Such 
a study appears desirable in view of the 
considerable amount of damage it causes 
to ornamental plants and, in certain parts 
of the world, to citrus. 

Following Banks’ description (1912) of 
the mite, the first report of damage caused 
by this arachnid was that of McGregor 
(1914) who found it to be extremely de- 
structive to privet hedges in South 
Carolina. Later, McGregor (1916) pub- 
lished the results of a few field observa- 
tions concerning the biology of the mite. 
Smith (1943) described the privet mite as 
being a serious pest of fuchsias in Cali- 
fornia. Essig (1944) considered its im- 
portance to privet in the same state, and 
Pritchard (1949) reported further con- 
cerning its importance on azaleas and 
certain other ornamentals. A_ serious 
disease, lepra explosiva, of orange in 
Argentina, originally attributed to a 
fungus (Marchinatto 1935) and later re- 


garded as being caused by a virus 
(Marchinatto 1938, Blanchard 1939), is 
now believed to be the result of a toxin 
injected by the mite in the process of 
feeding (Vergani 1945). The writer has 
recently observed the mite causing very 
serious damage to anthuriums and orchids 
in nurseries on the island of Oahu and in 
southern California. The present report 
is primarily concerned with a detailed 
study of the life history of the mite under 
controlled laboratory conditions as well 
as with certain observations relating to 
its distribution and taxonomic character- 
istics. Field observations were made in the 
vicinity of Berkeley, following a recent 
outbreak in that area. 

Taxonomic Stratus.—Tenuipalpus in- 
ornatus Banks (1912) was described from 
Batesburg, South Carolina, on goldenrod. 
Tenuipalpus bioculatus McGregor (1914) 
was described from the same locality on 
privet. Baker (1945), in a review of the 


1 Presented in partial fulfilment of requirements for the de- 
of M.S. at the University of California, Berkeley. 
2 The author is indebted to Drs. A. E. Pritchard and E. A. 
Steinhaus for suggestions and criticisms. 
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PLANT FAMILY 


PLANT SPECIES 





Araceae 


Araliaceae 


Begoniaceae 


Campanulaceae 


Caprifoliaceae 
Compositae 


Ericaceae 
Labiatae 


Liliaceae 


Malvaceae 
Melastomaceae 
Oleaceae 
Onagraceae 
Orchidaceae 
Oxalidaceae 
Palmaceae 


Pittosporacea 
Polygonaceae 
Rosaceae 


Rutaceae 
Solanaceae 
Theaceae 
Verbenaceae 
Violacea 
Vitaceae 


Anthurium sp. 


Schistomaglotis latifolia 


Aralia sp. 
Hedera helix 
Trevesia micholitzii 
Begonia sp. 
Campanula sp. 
Jap. honeysuckle 
Crysanthemum 
Gazania sp. 
Gerbera sp. 
Goldenrod 
Ligularia kaempferi 
Azalea 

Coleus sp. 
Mentha spicata 
Sage 

Aspidistra 

Tulip bulb 
Hibiscus 
Osbeckia sp. 
Ligustrum sp. 
Fuchsia sp. 
Dendrobium sp. 
Oxalis stricta 
Phoenix humilis 
Phoenix roebelini 
Pittosporum 
Rumex actosella 
Boysenberry 


FounpD BY IDENTIFIED BY 
Morishita Pritchard 
Morishita Morishita 
Pritchard Pritchard & Baker 
Essig Pritchard & Baker 
Morishita Morishita 

Baker Baker 

Pritchard Pritchard & Baker 
Baker Baker 

Summers Pritchard & Baker 
Pritchard Pritchard & Baker 
Pritchard Pritchard & Baker 
Banks Banks 

Morishita Morishita 

Banks Banks 

Banks Banks 

McGregor McGregor 
Womersley Pritchard & Baker 
Pritchard Pritchard & Baker 
Baker Baker 

Baker Baker 

Baker Baker 

McGregor McGregor 


Smith, R. H. 


Pritchard & Baker 


Pritchard Pritchard & Baker 
McGregor McGregor 

Baker Baker 

Pritchard Pritchard & Baker 
Baker Pritchard & Baker 
McGregor McGregor 


Smith, R. F. 


Pritchard & Baker 


Cotoneaster sp. Morishita Pritchard & Baker 
Potentilla anserina Pritchard Pritchard & Baker 
Strawberry McGregor McGregor 

Citrus sp. Baker Baker 

Potato shoots Bartlett Baker 

Tea Gadd Baker 
Citharexylum quadrangularis Baker Baker 

Viola sp. Morishita Pritchard & Baker 
Boston ivy McGregory McGregor 








genus Tenuipalpus, transferred inornatus 
to the genus Brevipalpus. McGregor 
(1949) regarded bioculatus as a synonym 
of inornatus. Tenuipalpus pseudocuneatus 
Blanchard (1939), described from citrus in 
Argentina, was shown by Pritchard and 
Baker (1951) also to be a synonym of 
Brevipalpus inornatus. 

DISTRIBUTION AND Host PLANTs.— 
Brevipalpus inornatus is widespread in 
distribution, and there is no indication, 
at the present, as to its origin. The records 
of occurrence as shown in the accompany- 
ing list may be accepted as authentic. 
The privet mite feeds on a number of 
hosts. The accompanying list shows all of 
the hosts for which records are available. 

Description.—Egg. The egg is ellip- 
tical. It is bright orange-red in color when 
first deposited, later becoming slightly 
darker. As the incubation period pro- 
gresses, it increases slightly in size. Just 


prior to hatching, the anterior end be- 
comes swollen, and the chorion assumes 
an opaque, white appearance. 

Larva. The newly emerged larva (Fig. 
1) is orange-red in color, although dark 
areas appear on the hysterosoma after 
feeding starts. The body is broadest at 
the propodosoma, and the lateral margins 
of the hysterosoma converge posteriorly. 
The rostral shield is not developed. 
Propodosomal seta I is very short; pro- 
podosomal seta II, just anterior to the 
compound eye, is moderately long, lanceo- 
late and serrate; propodosomal seta ITI 
is similar to II but longer. Marginal setae 
I-III of the hysterosoma are very short 
and similar to propodosomal I; IV and V 
are long, lanceolate, serrate, and about 
the same size as the propodosomal III; 
V is very long and filiform. The larva 
measures about 0.150 mm. in length. 

Protonymph. The protonymph differs 
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tnornatus (Banks). 


‘Dorsal view of larva of Brevipalpus 


World distribution of Brevipalpus 


inornatus (Banks). 








Founp BY IDENTIFIED BY 














CONTINENT AREA 
Europe Italy Baker (1949) Baker (1949) 
Asia Ceylon Baker (1949) Baker (1949) 
Japan Baker (1949) Baker (1949) 


North America 


South America 


Australia 


Pacific Islands 


Canada 
So. Carolina 
California 


Florida 
Louisiana 
Maine 
Maryland 
Missouri 
Oregon 
Texas 
Washington 
New Jersey 


Argentina 


Venezuela 
Adelaide 


Hawaii 


Baker (1949) 
Banks (1912) 
Smith (1943) 


Baker (1949) 
Baker (1949) 
Baker (1949) 
Baker (1949) 
Baker (1949) 
Baker (1949) 
Baker (1949) 
Baker (1949) 
Hamilton 
(1953) 
Blanchard 
(19389) 
Baker (1949) 
Womersley 
(1940) 
Morishita 
(1953) 


Baker (1949) 
Banks (1912) 
Pritchard & 
Baker (1951) 

Baker (1949) 
Baker (1949) 
Baker (1949) 
Baker (1949) 
Baker (1949) 
Baker (1949) 
Baker (1949) 
Baker (1949) 
Baker (1952) 


Pritchard & 
Baker (1951) 
Baker (1949) 
Pritchard & 
Baker (1951) 
Pritchard 
(1953) 
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Fic. 2.—Dorsal view of adult female of 
Brevipalpus inornatus (Banks). 


from the larva principally by possessing 
four pairs of legs. The coloration is about 
the same as that of the larva just prior to 
the quiescent phase. The body is broadest 
at the propodosoma, and the lateral mar- 
gins of the hysterosoma converge poster- 
iorly. Dorsal seta I of the propodosoma is 
very short and, in many cases, serrate; 
II and III are quite long, broadly lanceo- 
late and serrate. Marginal hysterosomals 
I to ITI are very short and similar to pro- 
podosomal I; IV and VI are all similar in 
length, size and shape to propodosomals 
II and III. The protonymph measures 
about 0.214 mm. in length. 

Deutonymph. The deutonymph is very 
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Fic. 3.—Ventral view of adult female of 
Brevipalpus inornatus (Banks). 


similar to the protonymph, differing main- 
ly in being larger in size. The deutonymph 
measures about 0.256 mm. in length. 
Adult female. The variation in color of 
female is great, ranging from light orange 
to dark red with various patterns of dark 
pigmentation (Fig. 4). The newly emerged 
females often possess small areas of black 
pigment (Fig. 4A). After feeding takes 
place, the black areas increase in size (Fig. 
4B to F). The extent of the dark pigment 
is apparently correlated with the amount 
of feeding, although the rate of increase 
varies greatly. In a few instances, the color 
change is completed in one day, while in 
the majority of the cases, it is a gradual 
change which requires from 3 to 7 days. 
Many mites tend to lose the black colora- 
tion at the end of their normal life span, 
and may revert to the condition shown in 
fig. 4A or B. This is particularly true of 
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females depositing a greater number of 
eggs than average. 

The body of the female (Fig. 2 and 3) is 
broadest at the suture between the prodo- 
soma and hysterosoma. The propodosoma 
is shorter than wide, and the lateral mar- 
gins of the hysterosoma converge poster- 
iorly. Palpal segment IT has a sharp, inner 
basal swelling. A pair of long, median 
lobes and two pairs of small, lateral lobes 
make up the rostral shield, and the proxi- 
mal margin is finely reticulated. Propodo- 
somal setae I to III are short, lanceolate, 
and serrate. Marginal hysterosomal I-VI 
are very similar to the propodosomals. 
The dorsum has rather even, mediolateral 
reticulations. Hysterosomal pores are pres- 
ent, but in many cases their tubular na- 
ture is weakly indicated or else they are 
semitubular. The ventral reticulate ele- 
ments on the ventral plates and on the 
area anterior to the plates are small. The 
posterior pair of medioventral setae on the 
hysterosoma are longer than the anterior 
pair. Tarsus II has a single sensory rod 
distally. The dorsal setae of femora I and 
II are lanceolate, serrate and almost half 
as long as the width of the segment. The 
adult female measures about 0.278 mm. 
in length. 











Fig. 4.—Variation in color patterns of adult 
females of Brevipalpus inornatus (Banks). 
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Adult male. The male is similar to the 
female. Palpal segment II does not have 
a sharp, innter basal swelling. The male 
measures about 0.261 mm. in length. 

Frrepinc.—The mites feed on the ven- 
tral surface of the leaves and the stems and 
petioles. Smith (1943), summarizing the 
feeding injury of the privet mite on fuch- 
sias, states, “Faint brown flecks form the 
first evidence of injury. Examination un- 
der a microscope reveals that each fleck is 
a sunken spot where the substance of cells 
has been sucked out, or the cells have been 
poisoned as a result of the feeding. The 
mite feeds by stabbing the cells repeated- 
ly, then exuding saliva on the wounded 
tissue and sucking up the resulting mix- 
ture of saliva and cell substance. With 
prolonged infestation the flecks merge to- 
gether and large portions of the leaf, or 
the entire lower surface, become brownish 
or bronzy in color. At this stage a deep red 
discoloration develops on the top side of 
the leaves of most varieties. This discolor- 
ation is usually limited at first to the por- 
tions of the leaf which were first infested. 
Leaf drop begins to occur about the time 
the red discoloration develops. At the time 
this is written (July 22, 1943) it appears 
that in some sections a large percentage 
of fuchsia plants will be well defoliated 
before fall.” A similar type of injury oc- 
curs on azaleas, accompanied by discolor- 
ation and defoliation. The feeding injury 
on anthuriums is a little different in that 
the dorsal surface of the leaf will start to 
have yellowish areas and the ventral sur- 
face becomes brownish where the feeding 
has taken place. Leaf drop will occur 
where a heavy infestation of mites devel- 
Ops. 

OVERWINTERING.—Limited — observa- 
tions made in Berkeley, California, indi- 
cate that the winter is passed mostly in 
the adult stage in this area. They are usu- 
ally found at the base of plants or in shel- 
tered places on the ventral surface of the 
leaves. A few eggs may be observed 
throughout the winter on violets, these 
occurring mostly in sheltered locations 
such as in exuviae, among lesions caused 
by leaf injury, under the bases of tri- 
chomes, or near dirt accumulated on the 
ventral surface of the leaves. Immature 
stages are seldom observed during the 
winter months, and they scarcely move 
even when disturbed with a brush or a 
dissecting needle. In greenhouses, where 
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the temperature and humidity are kept 
within favorable limits for reproduction 
and development, all stages may be found 
throughout the winter. 

Sex DrtrerRMINATION.—Females of the 
privet mite produce female offspring par- 
thenogenetically. Approximately 20 gen- 
erations were reared under various labora- 
tory conditions, and no males were en- 
countered. In nature, males have rarely 
been found. 

Stupies ON DEVELOPMENT.—WMethods. 
The garden violet was found to be the 
most practical host for laboratory use. 
Violet leaves with petioles 5 to 6 inches 
long were selected. Cotton was wrapped 
around the petioles, about 3 inches from 
the base, and the cotton plug then fitted 
into a glass vial (27 mm. X80 mm.) filled 
with water. Leaves were usually changed 
weekly, but at controlled temperatures 
of 32° and 30° C. the leaves were often 
changed every third day. 

No barriers or areas of confinement were 
used, since the mites would remain on a 
healthy leaf under experimental condi- 
tions. When petroleum jelly or “tangle- 
foot”? was used as a barrier, the mites 
would invariably crawl into the material 
and die. 

Developmental studies at controlled 
temperatures were conducted in tempera- 
ture cabinets at 15°, 25°, 27°, 30°, and 32° 
Centigrade. The relative humidity of the 
cultures was kept at approximately 85 per 
cent. 

A*culture of mites was maintained at 
each of the experimental temperatures be- 
fore individuals were isolated for studies 
on development and reproduction at that 
temperature. Observations of life histories 
were made twice daily. 

Egg. Just prior to hatching, movement 
of the larva within the chorion may be 
observed. At eclosion, the chorion splits 
transversely with respect to the main axis 
near the anterior or swollen end and the 
larva crawls out. 

Observation (Table 1) indicated that 
the minumum time required for incuba- 
tion is 5 days at 32° C. However, at this 
temperature only about 47 per cent of the 
eggs hatched. At 20° C., the average time 
required for hatching was found to be 
15.4 days, the maximum being 17 days 
and the minumum 14 days. At 15° C. none 
of the eggs hatched. Eggs were maintained 
at this temperature for 2 months, and at 
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Table 1.—Effect of temperature on incubation 
of eggs. 











TEMPER- INCUBATION PERIOD 

ATURE EacGs Days 

(De- 

GREES | Num- Maxi-| Mini- | Aver- 
C.) | ber Hatched trum | mum age 
$2 72 34 8 5 5.8 
30 72 72 7 5 6.1 
27 78 78 8 6 7.0 
25 90 | 90 9 | 8 8.8 
20 102 102 17 | 14 | 15.4 





the end of this time the chorion was trans- 
Jucent white with a very small red area at 
one end. The eggs were then transferred 
to the 27° cabinet to determine their via- 
bility, and their appearance was un- 
changed at the end of 2} weeks. 
Immature stage. As in the case of most 
other mites, the privet mite has a larval 
and two nymphal instars. Each instar is 
divided into a feeding, or active, period 
and a quiescent period that precedes molt- 
ing. During quiescence, the chelicerae are 
inserted in the plant tissue for anchoring. 
The anterior pairs of legs are stretched 
directly forward, and the posterior pairs 
of legs are stretched posteriorly and held 
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adjacent to the hysterosoma. In the proc- 
ess of molting, the dorsal suture between 
the hysterosoma and propodosoma sepa- 
rates, and the lateral margins of the hys- 
terosoma split. The emerging mite usu- 
ally frees the posterior portions of its body 
first and pulls out its anterior portion af- 
terwards. The dorsum of the hysterosomal 
exuvia often adheres to a recently molted 
mite. 

Under experimental conditions death 
usually occurs at the end of the active or 
during the quiescent period. Due to the 
difficulty of determining the exact time of 
death, it is arbitrarily considered to be 
immediately after the active phase. As 
shown in table 2, the total time required 
for the immature stages ranges from 10.3 
days (at 30° C.) to 26.6 days (at 20° C.). 

Larva. The newly emerged larva wan- 
ders near the egg shell for an hour or so 
before starting to feed. A well-protected 
place near the chorion, such as the base of 
a trichome, the junction of a vein and 
mid-rib, or a crack, is chosen for the initial 
quiescent period. The length of the active 
larval stage ranges from 1 day (at 32° C.) 
to 7 days (at 20° C.). About 85 per cent 
mortality occurs with larvae exposed to 


Table 2.—Effect of temperature on development of immature stages. 








‘TEMPERA- 








NuMBER OF Days 


TURE | Active Quiescent Total 
(DeGREEs | ——- 
C.) | NumBer | Max. | Min. | Average; Max. | Min. | Average | Max. | Min. | Average 
Larva 
32 34 t 1.0 | 2.0 3 1.0 1.9 7 | 2.0 3.9 
30 72 3 ee ae ft 2 1.5 1.4 5 2.5 3.5 
27 78 { 25 | 3.2 3 1.5 2.1 7 4.0 5.3 
25 90 6 4.0 5.0 3 2.0 2.1 9 6.0 7.9 
20 102 7-— 5.0 a8 | 5 3.0 3.9 12 8.0 9.5 
Protonymph 
32 | 14 S% eboed ae Eb tbe Pootet il 9 2.0 2:7 
30 72 3 Q 2.1 3 | 1.0 2.0 | 6 3.0 4.1 
27 | 8 3 2 2.1 2 1.5 1.9 5 3.5 4.0 
25 90 4 2 | $.0 3 | 15 | 2.0 7 5.0 5.0 
20 | 96 5 3 3.9 5 3.0 | 4.0 10 6.0 7.9 
Deutonymph 
32 4 | 4 3 3.5 1.0 | 1.0 1.0 5.0 | 4.0 | 4.5 
30 72 gg 1 1.9 1.5 0.5 0.75 | 4.5 | 1.5 | 2.7 
Q7 eS res 2 | 22/20 / 1.5 | 19 | 50] 85 | 4.0 
25 9 | 5 3 4.1 4.0 2.0 3.0 9.0 | 5.0 7.1 
20 96 5 3 4.1 | 6.0 4.0 5.1 | 11.0 | 7.0 9.2 
Combined Total 
32 16.0 | 8.0 11.1 
30 15.5 7.0 10.3 
Q7 17.0 | 11.0 | 138. 
25 | 25.0 | 16.0 | 19.2 
20 | 33.0 | 21.0 | 26.6 
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32° C., although many live for a day or 
two before dying. The quiescent stage 
lasts from 1 day (at 32° C.) to 5 days (at 
20° C.). 

Protonymph. The protonymph moves 
away from the immediate vicinity of the 
exuviae and selects an area in which it re- 
mains to feed. The feeding injury becomes 
noticeable as blackened areas develop. 
The active phase of the protonymphal 
stage lasts from 1 day (at 32° C.) to 5 days 
(at 20° C.). The rate of mortality at 32° C. 
is close to 95 per cent. The quiescent phase 
ranges from 1 day (at 32° C.) to 5 days (at 
20° C.). 

Deutonymph. The habits of the deuto- 
nymphs are quite similar to those of the 
protonymph. The duration of the active 
period of the deutonymph ranges from 1 
day (at 30° C.) to 5 days (at 20° C.). The 
quiescent phase lasts from } day (at 
32° C.) to 6 days (at 20° C.). 

Adult female. The privet mite does not 
ordinarily show any great tendency to 
move about. When disturbed, however, 
females move to a leaf area some distance 
away from the original point. The temper- 
ature has a great effect on their move- 
ments, and at high temperatures they be- 
come very active. The preoviposition pe- 
riod ranges from 15 days (at 27° C.) to 7 
days (at 20° C.). It appears that the mites 
must feed before depositing eggs. The ovi- 
position period ranges from 20 days (at 
30° C.) to 50 days (at 20° C.). The maxi- 
mum number of eggs (table 3) deposited 
per female is 60 (at 27° C.), each mite de- 
positing from one to two eggs daily. At 
20° C., the oviposition is very irregular, 
the interval between egg deposition vary- 
ing from 2 to 8 days or, in some cases, 
without oviposition occurring. 

The maximum length of life of females 
(Table 3) is 75 days (at 20° C.). A fe- 
male that did not deposit any eggs at 
20° C. for 22 days was transferred to the 
25° C. cabinet, and in 4 days the first egg 


Table 3.—Effect of temperature on longevity 
and egg production of adult females. 








| LeNota or ADULT NUMBER OF 














TEMPER- | Lire Eags 

ATURE : - - 

(Degrees | Num- | Maxi- | Mini- | Aver- |Maxi- | Mini- | Aver- 
C,) | BER mum | mum | age |m mum im | mum | age 
32 2 3 3 3.0; 1 } 0 0.5 
30 | 72 | 26 | 19 | 93:4| 38 | 96 | 32.1 
27 | 78 | 40 | 35 | 38.1] 60 | 49 | 54.3 
2 | 90 | 58 | 50 | 52.5) 54 40 | 44.1 
2 | 6 | % 62 | 67.0 5 0 3.0 
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Table 4.—Control of Brevipalpus inornatus 
(Banks) with various acaricides, Los Angeles, 
California, 1953. 











Ist 2ND 3RD 
Materia! Week Week WEEK 
Ovotran, 25% none? none few 
Chlorobenzilate, 25% none none none 
Aramite, 25% few few few 
DMC, 25% none none none 
Toxaphene, 60% few few many? 
Rotenone, 15% many many many 
Malathion, 50% few many many 
Diazinon, 25% none none none 
Check many many many 





1 All materials were emulsions used at a dosage of 1 to 800 
except Diazinon was wettable powder used at 2 pounds per 100 
gallons. 

2 No living mites. 

3 Up to 25 per cent of original population level. 

4 Above 25 per cent of original population level. 


was deposited. The minimum length of 
life is 19 days at 30° C. 

Controu.—The privet mite is a pest 
principally on ornamentals, and only a 
limited amount of information has been 
available on its control. Pritchard (1949) 
found that the organic phosphates avail- 
able then had no apparent effect on any 
of the economically important false spider 
mites in the San Francisco Bay area. 
Prior to Hamilton’s work (1953), certain 
growers in the southern California area 
had reported that Aramite and malathion 
had been effective against certain false 
spider mites on greenhouse crops. In order 
to evaluate these, a screening test against 
the privet mite was started. 

It was found during the course of this 
investigation that there were two species 
of Brevipalpus (B. inornatus and B. aus- 
tralis) involved and because of this the 
results were not consistent. Acaricidal 
tests against each species were made to see 
if there was any difference in their control. 
Preliminary tests showed that B. australis 
(Tucker) was the more susceptible of the 
two species to all of the acaricides tested. 

The tests were made on aralia, ivy, and 
azalea heavily infested with the privet 
mite. The materials were: Ovotran®, Chlor- 
obenzilate (Geigy 338)‘, Aramite, DMC, 
toxaphene, rotenone, malathion, and 
Diazinon. 

The results of these tests are shown in 
table 4. Each aralia leaf had approximate- 
ly 400 active mites while each ivy and 


3 Trade name for p-chloropheny] p-chlorobenzene sulfonate. 
4 Trade name for Geigy acaracide 4,4’-dichlorobenzilic acid 
ethyl ester. 
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azalea leaf had not less than 25 mites. 
Only one application was made, and mor- 
tality observations were made at weekly 
intervals for a period of 3 weeks to deter- 
mine the residual effectiveness of the 
materials. 

Chlorobenzilate, DMC and Diazinon 
gave the best control of the mite, while 
Aramite and Ovotran gave better control 
than did toxaphene, rotenone, and mala- 
thion. Diazinon is unique in that it is the 
only organic phosphate that has proven 
very effective for the control of the privet 
mite. 

Summary.—The privet mite, Brevipal- 
pus inornatus (Banks), is widespread in 
distribution and feeds on a wide variety 
of host plants. 

Parthenogenetic females give rise to 
only female progeny. Reproduction con- 
tinues throughout the year under favor- 
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able conditions. 

The incubation period of the egg ranges 
from 5 days (32° C.) to 17 days (at 20° C.). 
The larval stadium ranges from 3.5 days 
(at 30° C.) to 9.5 days (at 20° C.). The 
protonymphal stadium ranges from 2.7 
days (at 30° C.) to 7.9 days (at 20° C.). 
The deutonymphal stadium ranges from 
2.7 days (at 30° C.) to 9.2 days (at 20° C.). 
The minimum time required for develop- 
ment from hatching to adult is 7 days (at 
30° C.), and the maximum time is 33 days 
(at 20° C.). The preoviposition period 
ranges from 1.5 days (at 27° C.) to 8 days 
(at 20° C.). The maximum length of life 
of an adult female is 75 days (at 20° C.). 
The maximum number of eggs per female 
is 60 (at 27° C.). 

Chlorobenzilate, DMC and Diazinon 
gave the best control, while Aramite and 
Ovotran gave better-than-average control. 
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The Periodical Cicada in Southern Pennsylvania 
in 19531 


Dean Asquitu,? The Pennsylvania State University 


In 1953, the anticipated emergence of 
Brood X of the periodical cicada, Magi- 
cicada septendecim (L.), was first observed 
in Southern Pennsylvania, near Arendts- 
ville, on May 15. It continued in an erratic 
pattern until May 30. During this period, 
intermittent rains fell and there were not 
many hours of sunshine. 

In connection with the emergence of 
Brood X, a point was noted which con- 
tributes evidence that cicada nymphs in 
orchard ground feed on tree roots rather 
than on other vegetation. In Adams Coun- 
ty many old apple trees have been cut 
down in the last 5 or 6 years. Numerous 
old orchard sites have been replanted with 
young trees without disturbing the old 
sod cover crop. On such sites where the 
old trees were cut down in 1948 and 1949, 
no cicada nymphs emerged in 1953. Where 
the old trees were cut in 1950, a few cica- 
das emerged. More emerged in locations 
cut in 1951 and the emergence was as 
great on sites cleared in 1952 as on orchard 
land where the old trees are still standing. 
This indicates that as the old tree roots 
died, cicada nymphs feeding on them per- 
ished. They were not able to secure ade- 
quate nutrients from the grass roots right 
at hand. 

Mating of the adults did not occur ex- 
cept in rarely observed instances until 
May 28. Oviposition began June 2. There 
was no single peak period. The oviposition 
rate was heavy from June 2 through June 
5. It was light during the rain period June 
6 to 8 and heavy again on June 9, 10 and 
11. Rains and cloudy weather on June 12, 
13 and 14 interrupted oviposition. In or- 
chards isolated from woodlands, it did not 
become heavy again, but in woodlands 
and in orchards bordered by them, ovi- 
position continued until June 25. Eggs de- 
posited on June 2 and 3 began to hatch on 
July 23. Hatching continued for approxi- 
mately 3 weeks. 

Insury To Fruit Trees.—Female ci- 
cadas made egg-slits in the twigs of all the 
common fruit trees in this area. Slit twigs 
were collected from apple, peach, pear, 
plum, sour cherry and sweet cherry trees. 


The injury was most severe on the first 
three species. In a few cases, the actual 
damage to peach trees was greater than to 
neighboring apple trees. 

Unprotected young apple trees in heavi- 
ly infested locations were severely in- 
jured. Data were taken on a tree 9 feet 
tall, with a trunk 6 inches in circumfer- 
ence, and a limb spread of 6 feet. Branch 
and twig growth measured 1758 linear 
inches. Female cicadas inflicted 4590 egg 
cuts on this growth, depositing an average 
of 22 eggs per slit or a total of 100,980 on 
the whole tree. At the base of the largest 
branch, which measured 3% inches in cir- 
cumference, the egg-slits were arranged in 
eight parallel rows. The top growth on 
this tree was so severely cut that it gradu- 
ally died back to the trunk. 

Controu Tests.—In Young Apple and 
Peach Plantings.—Many trees up to 3 
years of age were successfully protected 
with coverings of cheese cloth or second- 
hand tobacco cloth. The tobacco cloth was 
the easier to handle and cost less than 
cheese cloth. Uncovered young apple 
trees interplanted in old orchards that 
were sprayed with TEPP were not injured 
enough by cicadas to justify the expense 
of covering them. 

Trees in the 4- to 10-year age group 
were the most difficult to protect. Such 
trees were too big to cover easily, yet they 
were small enough to be seriously damaged 
by a relatively light infestation of cicadas. 
The most satisfactory control was ob- 
tained by spraying every 3 days with 
TEPP during the periods of heavy ovipo- 
sition. A specific planting of 4-year old 
apple trees sprayed five times by the la- 
boratory crew at Arendtsville were injured 
only slightly though continuously rein- 
fested from two sides. 

Newly planted peach trees were easily 
protected with paper fertilizer bags or 
newspaper so fastened that new twig 





1 Authorized for publication on November 13, 1953 as paper 
No. 1838 in the journal series of the Pennsylvanian Agricultural 
Experiment Station. 

2 Acknowledgment is made of the valued assistance of Guy A. 
Herring, William L. Coradetti, and Glenn R. Herring. 
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growth could break through the top of the 
covering. Although cut with numerous 
egg-slits, uncovered 2- and 3-year old 
peach trees were not seriously damaged 
because they soon replaced injured twigs 
with new growth. 

In Bearing Apple and Peach Orchards.— 
Cicadas were controlled in most orchards 
with sprays of TEPP (40 per cent). This 
pesticide was mixed at the rate of 6 liquid 
ounces per 100 gallons in dilute sprays and 
1 pint in 100 gallons in 3X concentrate 
sprays. 

In the majority of orchards that were 
not subject to reinfestation from outside 
sources, two sprays applied in the 5-day 
period following the start of mating prac- 
tically eliminated the infestation. In or- 
chards adjacent to woodland, however, it 
was necessary to spray as many as 5 or 6 
times to protect the trees from serious in- 
jury. Some growers who own orchards in 
the latter type of location hired airplane 
applicators to spray the edges of the wood- 
lands and the portions of their orchards 
bordered by them. One pint of TEPP (40 
per cent) per acre applied in 4 gallons of 
oil carrier or water gave satisfactory con- 
trol especially if the spraying was done 
during quiet weather. 

Injury to apple fruit from TEPP sprays 
was not so great as had been anticipated. 
There was some typical TEPP spotting 
following applications by airplane and al- 
so following ground applications to fruit 
that had been exposed to strong sunlight 
for several hours before it was sprayed. 

Numerous peach orchards were sprayed 
with TEPP alone and with TEPP mixed 
with the fungicide captan. Although the 
leaves of these trees developed a severe 
case of shot-holing, the crop on these trees 
was not lost as on some trees that had 
every twig cut to shreds by female cicadas. 

With sprays.—As indicated by the au- 
thor (1952), tests on control of cicadas 
with TEPP in Pennsylvania were based on 
the work of Woodside (1948) and Cutright 
& Parks (1949). These workers, however, 
employed only dilute spray mixtures in 
their tests. In view of the widespread use 
of concentrated sprays in Pennsylvania 
orchards, TEPP was tested alone and in 
combination with certain other insecti- 
cides and fungicides in a number of tests 
with concentrated sprays. These tests all 
followed the same pattern. A marked area 
of orchard was sprayed with an airblast 
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rig. As soon as the spray was applied, 25 
cicadas were collected from the sprayed 
trees and the cover crop and placed in a 
clean cage, 12X12 X12 inches in size and 
covered with }-inch hardware cloth. At 
the same time, a group of cicadas was col- 
lected from an unsprayed section of or- 
chard to serve as a check. Occasionally, 
24, 26 or 27 specimens were collected in- 
stead of 25. The actual number of speci- 
mens was used in figuring each percentage 
(Table 1). 

Cages of test specimens were placed in 
the insectary at the laboratory and counts 
were made in 24 hours. Specimens unable 
to move about were considered killed. At 
first, records were taken at 48- and 72- 
hour intervals, as well as at 24 hours. But 
after it was observed in the field that 
sprayed female cicadas continued to de- 
posit eggs until they died, insecticides 
that did not kill within 24 hours were con- 
sidered worthless. Also, sexing of speci- 
mens was discontinued because the dif- 
ference between the reaction time of males 
and females was only a matter of 1 or 2 
hours in most cases. This difference was 
not a factor at the 24-hour point. 


Table 1.—Control of adult periodical cicadas 
with concentrated sprays of TEPP.' 








Per CENT 





PESTICIDES PER 100 GALLONS 








—- — — Control 
TEPP Gallons in 24 
(Pints) Others per Acre Hours 

0.5 Ferbam,? 43 lbs. 75 80.0 
75% DDT, 2 lbs. 

0.5 None 75 88.0 

1 Ferbam, 44 |bs. 75 88.0 
75% DDT, 2 lbs. 

1 None 75 100.0 

1 Ferbam, 44 lbs. 100 100.0 
75% DDT, 2 lbs. 

1 None 100 100.0 

l TM 341, 43 qts. 100 75.0 
Lime, 4 oz. 
75% DDT, 2 lbs. 

1 Pheno-lead,? 15 Ibs. 100 80.2 

1 Captan,‘ 44 lbs. 100 84.0 
75% DDT, 2 lbs. 

0.75° None 100 91.4 

1.58 None 100 93 .2 





1Single tests with 40 per cent (supplied by Tobacco By- 
Products and Chemical Corp.) except as noted. 

2 Coromate, made by Pittsburg Plate Glass Co. 

3A mixture of 3 pounds of had arsenate and 2 pounds of 
phenothiazine made by E. I. du Pont de Nemours & Co., Inc. 
(3 tests) 

4 Captan 50-W, made by Stauffer Chemical Co. (2 tests) 

5 Two tests. 


6 Vapotone XX contains 20 per cent TEPP; made by Cali- 


fornia Spray-Chemical Corporation. (2 tests) 
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Because the tests listed in table 1 were 
not all run on the same day, the percent- 
age control obtained in each test was com- 
puted by using the formula of Abbott 
(1925). 

In addition to the tests with TEPP, 
certain other insecticides were tried 
against adult cicadas. As reported by 
Hamilton (1953), malathion and para- 
thion were relatively ineffective; CS-708 
and TDE sprays and TEPP dusts also 
gave unsatisfactory results. In concen- 
trated sprays, 9 pounds of 50 per cent 
methoxychlor W.P. in 100 gallons of water 
gave high kills in 48 hours, but the kill at 
the end of 24 hours was less than 30 per 
cent. Demeton (21.2 per cent) at the rate 
of 4 ounces in 100 gallons gave 65 per cent 
kill in 24 hours, an indication that further 
trials with higher concentrations may give 
promising results. 

Discusston.—Results in table 1 show 
that under the conditions of these tests 1 
pint of 40 per cent TEPP in 100 gallons 
applied to one acre of orchard gave 100 
per cent control of the periodical cicada. 
The addition of 7M 341,' lime and DDT, 
phenothiazine, lead arsenate and soya 
bean flour, or captan and DDT reduced 
the effectiveness of TEPP. When ferbam 
and DDT were added to the 1 pint con- 
centration of TEPP and applied at the 
rate of 100 gallons per acre, there was no 
reduction in control. However, control by 
this mixture was reduced 12 per cent when 
the dosage was cut to 75 gallons per acre. 
The 1 pint concentration of TEPP (40 per 
cent) at 75 gallons per acre gave higher 
control than 0.75 pint in 100 gallons to the 
acre. The control obtained with 0.75 pint 
of TEPP (40 per cent) in 100 gallons per 
acre was not significantly different from 
that obtained with 1.5 pints of TEPP (20 

per cent) applied in the same gallonage. 

SumMary.—Brood X of the periodical 
cicada, Magicicada  septendecim (L)., 

emerged in May, 1953, in Southern Penn- 
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sylvania over a period of 16 days, probab- 
ly because there were frequent rains and 
not many hours of sunlight during this 
time. Observations on emergence from old 
orchard sites from which the trees had 
been cut but the sod cover crop left un- 
disturbed indicated that tree roots are the 
only source of food for cicada nymphs in 
orchard soil. 

Apple, peach and pear trees were in- 
jured more severely than other trees. One- 
to 3-year old apple trees were most easily 
protected with coverings of netting unless 
situated as interplants in bearing orchards 
that were sprayed with TEPP. Apple 
trees 4 to 10 years old required at least 5 
sprays of TEPP if located on sites subject 
to reinfestation from outside sources. 

In producing apple orchards, cicadas 
were controlled by spraying with TEPP 
(40 per cent), 6 ounces per 100 gallons in 
dilute sprays and 1 pint per 100 gallons in 
concentrated sprays. The number of ap- 
plications needed to protect an orchard 
depended on how much it was subject to 
reinfestation from woodland. Some or- 
chards near woodland were successfully 
protected by spraying both the orchard 
and the woodland by airplane with TEPP 
(40 per cent), 1 pint per acre in 4 gallons 
of oil carrier or water. 

Parathion, malathion, TDE, and CS- 
708 sprays, and TEPP dust were relative- 
ly ineffective. Methoxychlor gave higher 
kills, but was too slow in action. In one 
dilute spray demeton gave results good 
enough to warrant further tests at higher 
concentrations. 

The addition of the following: pheno- 
thiazine-lead arsenate; TM 341, lime, and 
DDT; captan and DDT reduced the ef- 
fectiveness of TEPP at the 1 pint per 100 
gallons per acre dosage, but the addition 
of ferbam and DDT did not unless the 
dosage was reduced to 75 gallons per acre. 


3 34 per cent solution of 2-heptadecy! glyoxalidine acetate in 
isopropanol. 
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Identity of Tetranychus pacificus and mcdanieli! 
E. J. Newcomer, Entomology Research Branch, Agr. Res. Serv., U.S.D.A. 


About 1937 a tetranychid mite began to 
cause injury in apple orchards in the 
Pacific Northwest. It differed from the 
European red mite, Metaietranychsu ulmi 
(Koch), which had been injurious for at 
least 15 years before 1937, in that it was 
usually greenish in color, it spun a great 
deal more webbing, and it hibernated in 
the adult stage under bark scales and 
fallen leaves. This mite was first assumed 
to be the two-spotted spider mite, 
Tetranychus bimaculatus Harvey, and it 
was found on pear, cherry, and plum 
trees as well as apple. That it had been 
present for several years is shown by a 
reference to it and a record of a test of 
sulfur dust for its control made in 1924 
by Newcomer & Yothers (1927, p. 16). 

In order to determine the species pres- 
ent, in July 1938 E. A. McGregor and the 
writer made a trip through the area, in- 
cluding the Hood River Section of Oregon, 
the Yakima, Wenatchee, and Okanogan 
valleys of Washington, and the southern 
Okanagan area of British Columbia. They 
collected mites from apple and other 
plants in all these localities. Mr. Mc- 
Gregor identified these mites, as well as 
those in material from southern Oregon 
and southern Idaho, as follows: 











Loca.ity PLANT SPECIES 
Oregon: 

Medford Pear bimaculatus and 
carpini bore- 
alis' 

Talent Chokecherry _pacificus 

Parkdale (near Apple carpini borealis' 

Hood River) 
Thimbleberry pacificus 
Washington: 

Grandview Apple pacificus 

Wapato Apple and pacificus 

milkweed 

Moxee Hops bimaculatus 

Yakima Apple pacificus 

Wenatchee Apple pacificus 

Near Chelan Apple pacificus 

Omak Apple pacrficus 

Oroville Apple Tetranychus sp. 

British Columbia: 
Penticton Pear Tetranychus sp. 
Near Penticton Antelope- willamettei 
brush 
Idaho: 
Payette Apple pacificus 
Parma Apple pacificus 





1 Determined in 1938 as willamettei. 


In Oregon the predominant tetranychid 
on apple and pear was Eotetranychus car- 
pint borealis (Ewing), at that time deter- 
mined as T'etranychus willametiei McG., 
and pacificus was found on the native 
chokecherry and thimbleberry. In Wash- 
ington, on the other hand, all material 
collected on apple was determined as 
pacificus. 

Subsequent determinations of material 
from the Yakima Valley were made by 
McGregor in 1950, as pacificus or bimacu- 
latus. In 1951 E. W. Baker visited the area 
and made numerous collections. His de- 
terminations showed the prevalent tet- 
ranychid on fruit trees to be T'etranychus 
medanieli McG. This change in determi- 
nation suggested that pacificus and mce- 
danieli might actually not be distinct 
species. In 1953, therefore, the writer 
made a series of biological experiments to 
determine whether or not the two species 
were distinct. These experiments were 
based on the fact, long known, that in- 
fertile eggs of these mites usually hatch 
but produce only males. By making 
pacificus X medanieli crosses, or vice 
versa, it could be determined whether or 
not the eggs had been fertilized and thus 
whether or not the species were identical. 
This method had been used successfully 
by McGregor & Newcomer (1928) to 
prove that the European red mite and the 
citrus red mite were distinct species. 

Authentic pacificus material was ob- 
tained from cotton and umbrella-tree 
(Melia azedarach) foliage at Buttonwillow, 
Calif.,? and colonized on bean plants in the 
laboratory at Yakima. Mcdanieli material 
was collected from apple near Yakima. 
The authenticity of the two species was 
determined by E. W. Baker and the writer. 

For rearing the mites, cells made up of 
recessed oblong pieces of plywood, blot- 
ting paper, and Plexiglas were used, in 
which individual apple leaves could be 
kept fresh for a week. In most of the tests 
a single female in the deutonymphal 
stage was isolated in a cell with one or 
more males of the other species, and copu- 
lation usually occurred shortly after the 


1 Presented at the meeting of the Entomological Society of 
America, Los Angeles, Calif., December 7~—10, 1953. 

2 Collected by Gordon L. Smith, California Agricultural 
Experiment Station, Shafter, Calif. 
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female molted. Both pacificus X me- 
danieli and medanieli X pacificus crosses 
were made. No difficulty was experienced 
in transferring pacificus mites from cotton 
or umbrella-tree foliage to apple, or to 
bean and then to apple. 

Ovipositing females were usually trans- 
ferred to new leaves every few days in 
order that mites hatching from the eggs 
would have time to mature before the 
apple leaf deteriorated, and the cells were 
kept in a constant-temperature box at 
80° to 85° F. to speed up the process. After 
the first 2 or 3 days the males remaining 
were mounted and examined microscopi- 
cally to check the species. It was, of 
course, not possible to do this with the 
females. With one exception, however, 
which is noted later, male progeny of the 
females were checked and found to be the 
correct species. That is male progeny of 
pacificus X medanieli crosses were me- 
danieli and vice versa. 

Tables 1 and 2 give the results of these 
observations. Mating was observed in 9 
of the 36 crosses made, and it probably 
took place in others. In some of the obser- 
vations the male seemed to have difficulty 
in mating with the female, which might 
be expected if the species are distinct. 

Of the adults from pacificus XK me- 
danieli crossings 99 per cent were males, 


Table 1.—Results of mating male pacificus 
with female mcdanieli mites. 








LENGTH 





PROGENY 
or Lire MATURING Eaas Pro- 
DATE OF OF Eacs Dr- —————————-_ DUCING 
Matinc FEMALE POSITED Male Female Mates 
Days Number Number Number Per Cent 
July 28 14 78 33 0 42 
6 23 2 0 _ 
12 7 35 0 75 
13! 93 73 0 79 
6 13 ll 0 85 
13 70 60 0 86 
29 14 85+- 80 0 _ 
12! 80+ 76 0 - 
9 45 88 0 84 
144 59 34 8 58 
30 2 115+ 101 0 —_— 
7 28 28 0 100 
5 27 5 0 19 
3 150+ 136 0 aa 
7 30 14 0 47 
7 50 38 0 76 
14 62 37 0 60 
Aug. 29 8 $1 2 0 _ 
7 60 9 0 _— 
lotal or 
average -- 1146+- 812 8 684 





Mating observed. 

l'wo females, lived about 6 days. 

lhree females, lived about 2 weeks. 

Vigured from totals of crossings where exact number of eggs 


nown, 
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Table 2.—Results of mating male mcdanieli 
with female pacificus mites. 














LeNetTa PROGENY 
or Lire MATURING Eaes Pro- 
Date or or Fe- Eacs De- —————————— pUCING 
MATING MALE PosItreED Male Female Mates 
Days Number Number Number Per Cent 
July 28 2 40 27 
15 37 16 0 43 
gi 20 10 0 50 
29 12 35+ 31 2 me 
7 19 2 0 -~ 
12 39 15 0 38 
3 +t 15 0 34 
19! 46 25 0 54 
30 12 25+ 21 0 os 
ll 20+ 19 0 ae 
9 22 10 0 45 
Aug. 29 14 56 35 0 62 
13 17 5 0 29 
30 6 20 9 0 45 
31 18 49 24 0 49 
Sept. 1 31 15 12 0 80 
24) 47 10 0 21 
6! 7 6 0 86 
Total or 
average - 558+ 276 10 444 





1 Mating observed. 

2 Three females, lived about 2 weeks. 

3 Two females, lived about 2 weeks. 
_ * Figured from totals of crosses where exact number of eggs 
is known. 


and of those from medanieli X pacificus 
crossings 97 per cent. Of the eggs de- 
posited, 68 and 44 per cent, respectively, 


Table 3.—Results of mating mcdanieli mites 
from raspberry with mcdanieli mites from apple. 











LENGTH PROGENY 
or Lire MATURING Ecos Pro- 
Date or orFr- Eaas De- —————————— pvUcING 
MATING MALE posiIteED Male Female Mates 
Days Number Number Number Per Cent 
Males from raspberry X females from apple 
May 20 19 90+ 10 71 — 
19 69 40 16 58 
21 12 16 4 0 25 
18 81 13 48 16 
18 124+ 51 45 a 
19 98+ 39 47 — 
27 14 90+ 26 6+ 
6 14 2 0 14 
13! 95+- 27 67 





Total or 











average — 677+ 212 358 — 
Males from apple X females from raspberry 

May 22 11 30 i7 0 7 

ll 10 5 0 50 

25 16 45+ 39 8 -- 

27 14 75+ 18 56 — 

131 84-4 18 87 om 

13 34 10 13 29 

278+ 102 129 _ 

Total or 

average -—- 955+- -- oo 36? 





1 Mating observed. ; 
_ 2 Figured from totals of crossings where exact number of eggs 
is known. 
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produced males. Because of the method 
and lack of time to make detailed records, 
it is not known what percentage of the 
eggs hatched, but not all of them did. 
Also, many young were lost before reach- 
ing maturity. 

For comparative purposes, crossings of 
medanieli from raspberry at Prosser, 
Washington, were made with medanieli 
from apple at Yakima, and the results are 
given in table 3. Only 39 per cent of the 
801 progeny were males, and only 36 per 
cent of the eggs produced males. 

A few females developed from three of 
the crosses, and females from two of 
them were colonized on beans. The 
colonies were maintained for over a 
month, during which time they went 
through one or more generations, indi- 
cating that the females were of normal 
vigor. 

Females from a single lot in the pacifi- 
cus X medanieli crosses (table 1) were 
placed on a bean plant along with males 
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from a medanieli X pacificus cross. Both 
males and females resulted from this cross, 
and the males were pacificus. It is obvious 
that a mistake was made in the original 
crossing, for the female must have been 
pacificus and not medanieli. 

Females from the first mcdanieli X pa- 
cificus cross were also placed on a bean 
plant, but no males were introduced. All 
the progeny were pacificus males. It is 
probable that, in the two medanieli X pa- 
cificus crosses where females resulted, at 
least one of the males was pacificus. In 
each case four males had been put into the 
cell, and not all of them were subsequently 
examined. 

It is concluded from these studies that 
pacificus and medanieli are distinct spe- 
cies, in spite of the occurrence of a few 
female progeny. No explanation is offered 
for the rather rapid substitution of me- 
danieli for pacificus in the Pacific North- 
west. 
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Considerable importance is attached to 
the presence of insects in stored shelled 
corn, both from the standpoint of damage 
and subsequent contamination of food 
products. The tendency in recent years to 
store corn for long periods has increased 
the problems. Protection of stored wheat 
with synergized pyrethrins in several 
areas has been realized, and the effective 
use of 0.08 per cent pyrethrins and 1.1 per 
cent piperonyl butoxide was reported by 
Wilbur (1952). The U. 5. Department of 
Agriculture (Anon. 1953) recommends 
this same formulation for stored wheat 
protection during the first storage season. 
Watts & Berlin (1950) reported several 
similar formulations which gave good to 
complete control of the rice weevil, 
Sitophilus oryza (L.) in wheat in short 
term laboratory tests. Shelled corn was 


other fruit-tree mites. U. S. Dept. Agr. Tech. Bul. 25. 


Protection of Stored Shelled Corn with a Protectant 
Dust in Indiana 


Joun V. Osmun, Agricultural Experiment Siation, Purdue University 








treated in Alabama (Eden 1953) with 
0.05 per cent pyrethrins and 0.8 per cent 
piperonyl butoxide at 1 pound per 10 
bushels, and stored as one-bushel sam- 
ples in pasteboard drums placed within a 
corn crib. Storage periods of 9 months 
showed 13.1 per cent rice weevil damage 
as compared with 86.1 per cent in un- 
treated corn. Protection from infestation 
by other stored grain insects was not re- 
ported. 

Observations in this test were made 
over a continuous 2-year period in bins 
of shelled corn in San Pierre, Indiana. The 
test period extended from Sept. 20, 1951 
to Oct. 26, 1953, during which time the 
corn remained untouched. 
Procepure.—Four circular metal bins 


Parp Paper. 
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of 3000-bushel capacity were selected as 
a group at a PMA site. These bins were 
held under normal storage conditions and 
were filled to capacity with shelled corn. 
Two bins were fumigated, and the corn 
in them cleaned and treated while being 
turned. The protectant was mixed with 
the grain during the cleaning process. The 
two check bins were turned and fumigated. 

The material! used for protection was 
known as Pyrenone Protectant T-483, 
and consisted of: 

1.10% piperonyl butoxide 


0.08% pyrethrins 
corn cob flour carrier (direct impregnation) 


This insecticide was introduced into 
the grain stream by an electric feeder at 
the rate of 75 pounds per thousand bush- 
els of corn. In addition, each floor of the 
cleaned test bins was treated with 15 
pounds of the material with particular 
attention being given to the seams and 
rims. After the bins were filled, the top 5 
inches of corn in each bin received an 
additional 8-pound cap treatment. 

Test samples were taken from the bins 
on nine different dates. Samples were 
handled in such a way that 90-day emer- 
gence readings were also available for 
each sample, giving a total observation 
period of 2 years, 1 month. Corn samples 
were taken in duplicate by standard probe 
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as follows: horizontal top surface sample, 
vertical center core sample, and_hori- 
zontal lower door sample. Data recorded 
included moisture content immediately 
after sampling, and numbers of immature 
and adult insects, alive and dead. The 
insect records represent one probe at each 
sample position. 

Resutts.—Initial samples after fumi- 
gation revealed very little active infesta- 
tion in any bin, except for a considerable 
number of flat grain beetles on the surface 
of one treated bin immediately after 
turning and treating with protectant. A 
summary of the eight subsequent readings 
are recorded in table 1. These results indi- 
cate that over a two-year period there was 
highly significant difference (15.80; F** = 
12.25) between the treated and untreated 
bins. The increased numbers of insects in 
the treated bins towards the end of the 
test period was due in large part to sur- 
face investations of the flat grain beetle. 
In the untreated checks, the saw-toothed 
grain beetle was especially abundant 
throughout the grain in the latter months. 
This same beetle was infrequent in the 
treated bins. Seasonal differences for all 
insects were highly significant. 

Table 2 records the insect counts at the 


1 Material and certain equipment furnished by the Research 
a Development Laboratories of the U. S. Industrial Chemicals 
0. 


Table 1.—Insect counts! at four corn bins over a two-year period, showing results of the protectant 


treatment. San Pierre, Indiana. 








PROTECTANT-T'REATED | | 


UNTREATED 


Total Insects 















































Montus Arter Fumi- | Total Insects | Living Insects | | Living Insects 
GATION AND Protec- = |_| --____“_|- ——____—— —_—__—__—_- 
TANT TREATMENT BinA | BinB Bin A | BinB || Bin C | BnD | BnC | BinD 
1—(October) 5 10 0 o || 6 9 | 1 | 0 
1 90-day emergence 0 1 0 0 3 0 1 0 
6—(early April) 0 7 0 0 6 24 1 0 
6—90-day emergence 0 0 0 0 3 0 2 0 
8 —(May) 2 2 0 0 5 2 2 0 
8—90-day emergence 0 0 0 0 33 40 21 32 
9.5—(July) Q1 3 12 0 74 37 67 35 
9.5—90-day emergence 22 11 22 a 57 116 39 100 
11—(August) + 2 0 0 || 46 67 32 55 
11—90-day emergence 0 5 0 5 lh US 126 12 123 
12.5—(October) 12 11 7 6 | 18 18 7 + 
12.5—90-day emergence 3 | 4 0 S Oo | 11 ge") 11 
19—(April) oe ee Oo ft .@ drab wg 4 | 8 
19—90-day emergence WF cir 9 4 || 97 | 165 Gi | Be 
22—(July) 33 17 11 6 || 48 | 146 15 | 90 
22—90-day emergence | 22 | 82 9 77 | 52 | 495 | 48 | (478 
(PD RE 2s 7 dcictelapolition i 
Total bins A+B; C+D | 347 211 | 1,805 1,447 





1 Insects per three probes per bin. 
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Table 2.—Total number of insects' taken at surface, center, and door locations in four corn bins 


over a two-year period. 








Protrectant TREATED 


Total Insects 
LOCATION OF ripeseieepgtnetaaed 
SAMPLES 


| Living Insects 


BinA | BinB | BinA | BinB | 


UNTREATED 


Total Insects | Living Insects 








| Bnc | BnD | Bnc | BinD- 

e7 || ea | os | 192 | 939 

Sana Sun WER” param 

“at || a | 460 | 60 | 400 
hed iia BMY. eR Oy 

, —s me li 570 . 81 “476 ; 
pilny: ipiie ae le Ee 


7 Sunes 138 1 1s, 90 
Total | 956 Pan Bea, v7 a0 
De Sealer probe | 20 4 ; "§ 
Total | 64 len? ate? 28 
Soe ie aes 19 ‘0 att 8 i a 6 ‘ 
Total | | 27 Ae Tae 6 





1 From a total of eight probes per location. 


three different probe locations. As might 
be expected in bins treated with the pyre- 
thrum base protectant, the greatest num- 
ber of insects was from surface samples. 
Infestations were progressively less in 
number, the lower the location within the 
bin. It is possible that the floor treatment 
contributed to this occurrence, but the 
pyrethrum was unquestionably effective 
for a longer period well below the surface. 
In the untreated bins, there is no statis- 
tical difference between samples taken at 
various levels. 

During the two-year period, the five 
most prevalent insects were, in descending 
numerical order: the saw-toothed grain 
beetle, Oryzaephilus surinamensis (L.); 
flat grain beetle, Laemophloeus pusillus 
(Schinh.); red flour beetle, Tribolium 
castaneum (Hbst.); Indian meal moth, 
Plodia interpunctella (Hbn.); and foreign 
grain beetle, Ahasverus advena (Waltl.). 
Other less prevalent insects which oc- 
curred in the four bins in total num- 
bers of 24 or fewer specimens per species 
were, in descending numerical order: 
larger black flour beetle, Cynaeus angustus 
Lec.; hairy fungus beetle, T'yphaea ster- 
corea (L.); lesser mealworm, Alphitobius 
diaperinus (Panz.); confused flour beetle, 
Tribolium confusum Duv.; yellow meal- 
worm, Tenebrio molitor L.; and granary 
weevil, Sitophilus granarius (L.) The rice 
and granary weevils are not numerous in 
northern Indiana in stored corn and only 
one specimen, a granary weevil, appeared 
in these samples. The saw-toothed grain 
beetle contributed greatly to the larger 
numbers towards the end of the test 
period, but the flat grain beetle, second 
in abundance, occurred most frequently 


in both the treated and untreated bins. 
The Indian meal moth made its first ap- 
pearance in the untreated bins 8 months 
after fumigation and became quite abun- 
dant on the surface. In the treated corn, 
this moth did not appear for 14 months 
and occurred only in small numbers. It is 
noted that the same two insects, the 
saw-toothed grain beetle and flat grain 
beetle, which ranked most abundant in 
these bins are considered the most abun- 
dant in the North Central States as re- 
ported by Cotton e¢ al. (1953). 

The moisture content of the corn dur- 
ing the test period ranged from 11.4 to 
19.7 per cent with a mean of 14.1. There 
was no statistical difference between 
bins. The corn was sold following the last 
sampling; it graded lowest in the check 
bins (Sample). 

SumMary.—Two standard metal bins 
containing corn treated with a piperony! 
butoxide- pyrethrins protectant dust were 
compared with two untreated bins. Al- 
though the number of bins was small, 
they were representative of the corn 
storage in the area of the test, and the 
data were analyzed statistically. The test 
showed that a highly significant difference 
occurred between treated and untreated 
corn. The corn below the surface layer in 
the treated bins remained free of heavy 
infestation during the two-year period of 
the test. The surface became only moder- 
ately infested in the latter months of the 
observations. The indications are that 
fumigated or clean shelled corn can be 
protected for a two-year period under 
normal conditions of storage in northern 
Indiana by the use of this grain protect- 
ant. 





gi 
O} 
at 
on 
re] 
ch 
try 
we 
me 
ph 
azi 
she 
Ora 
tox 
ant 
de 
blo 
fed 
ma 
A 
tan 
et a 
Inse 
inse 
whi 
the 
shor 
lary 
foun 
de ‘I 
ising 
arb 
sube 
tobia 
Mc€ 
publ 








June 1954 


McGreeor ET AL.: INsEctTIcCIDES AGAINST CATTLE GRUBS 


465 


LITERATURE CITED 


Anon. 1953. Insects in farm-stored wheat. U.S.D.A. Leaflet 345. 
Cotton, R. T., H. H. Walkden, G. D. White, and D. A. Wilbur. 1953. Causes of outbreaks of stored- 


grain insects. North Central Reg. Publ. 35. 


Eden, W. G. 1953. Control of rice weevil in corn with protectant dusts and sprays. Jour. Econ. Ent. 


46(6): 1105-7. 


Watts, C. N., and F. D. Berlin. 1950. Piperonyl butoxide and pyrethrins to control rice weevils. Jour. 


Econ. Ent. 43(3): 371-3. 


Wilbur, D. A. 1952. Effectiveness of dusts containing piperonyl butoxide and pyrethrins in protecting 
wheat against insects. Jour. Econ. Ent. 45(6): 913-20. 


Some Phosphorus Compounds as Systemic Insecticides 
Against Cattle Grubs 


W. S. McGrecor,! Entomology Research Branch, R. D. Rave err,! Animal Disease and Parasite 
Research Branch, and R. C, BusHuanp,! Entomology Research Branch 


The possibility of controlling blood- 
sucking parasites by feeding chemicals to 
the host animal has been an intriguing 
challenge to entomologists and parasitolo- 
gists during the last three decades. Bish- 
opp et al. (1926) reported unsuccessful 
attempts to control various ectoparasites 
on laboratory animals. Parman (1928) 
reported failure of a large number of 
chemicals to control ectoparasites of poul- 
try. Knipling (1938) and Bruce (1939) 
were successful in preventing the develop- 
ment of the larvae of the horn fly, Si- 
phona irritans (L.), by feeding phenothi- 
azine to cattle. Lindquist et al. (1944) 
showed that the blood of rabbits given 
oral doses of pyrethrum and DDT was 
toxic to bed bugs, Cimex lectularius L., 
and stable flies, Stomoxys calcitrans (L.). 
de Meillen (1946) reported that several 
bloodsucking insects were affected when 
fed on a rabbit that had been given gam- 
ma benzene hexachloride. 

Administering insecticides by subcu- 
taneous injection began with Knipling 
et al. (1948), who so tested a number of 
insecticides against several bloodsucking 
insects. Barrett and Wells (1948), using 
white mice in which first-instar larvae of 
the cattle grub had been implanted, 
showed that certain dyes would reach the 
larvae after subcutaneous injection but 
found none that were toxic to the larvae. 
de Toledo and Saur (1950) reported prom- 
ising results with some chlorinated hydro- 
carbon insecticides administered orally or 
subcutaneously for the control of Derma- 
tobia hominis (L., Jr.) in South America. 
McGregor and Radeleff (data not yet 
published) during 1952 and 1953 demon- 


trated complete control of the cattle 
grubs Hypoderma lineatum (De Vill.) 
and bovis (L.) and other ectoparasites 
with subcutaneous injections of lindane, 
dieldrin, or aldrin in peanut oil. Similar 
results on biting flies were obtained by 
Lindquist et al. (1953). Because of the res- 
idues found in the fat of cattle so treated 
the method was not satisfactory. 

The search has continued for materials 
toxic to ectoparasites, nontoxic to the 
host, and without a questionable residue 
in the tissues or products of the treated 
animals. These goals have not been at- 
tained, but results with some organic 
phosphorus compounds have widened the 
field of investigation and have thus in- 
creased the hope of success. Preliminary 
studies with a few of these phosphorus 
insecticides are reported herein. 

MernHops and MATERIALs.—Screening 
of candidate materials was done with the 
guinea pig as the host animal and the 
screw-worm,  Callitroga hominivoraxr 
(Coqu.), as the test insect. The materials 
were administered subcutaneously in so- 
lutions in peanut oil or Tween 20 (poly- 
oxyethylene sorbitan monolaurate). 
Treatments were given to guinea pigs in- 
fested with 1-day-old screw-worm larvae, 
and the mortality of the larvae was re- 
corded after 24 and 48 hours. The dura- 
tion of insecticidal effect was determined 
by implanting newly hatched larvae from 
the laboratory colony in the wound twice 
a week until they were able to establish 
and to grow normally. 

The chemicals showing effectiveness in 
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Table 1.—Effectiveness of subcutaneous injections of Diazinon against the common cattle grub. 
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these screening tests were then adminis- 
tered to cattle infested with cattle grubs. 
Diazinon (0,0-diethyl 0-(2-isopropyl-6- 
methyl-4-pyrimidiny]) thiophosphate) 
was administered subcutaneously in a 5- 
per cent solution in refined peanut oil. 
The remaining compounds were admin- 
istered orally—chlorthion (0-(3-chloro-4- 
nitrophenyl) 0,0-dimethyl thiophosphate) 
in an emulsion, Bayer 21/199 (3-chloro- 
4-methylumbelliferone 0,0-diethyl thio- 
phosphate) in a suspension, and Bayer 
L 13/59 (0,0-dimethyl 2,2,2-trichloro-1- 
hydroxy-ethylphosphonate) in an aqueous 
solution. Diazinon was also administered 
orally in an emulsion. 

Records were kept of the appearance 
and disposition of each cattle grub at 2- 
day intervals. A single treatment was 
administered when grubs had made their 
appearance in the backs of the cattle. 

Resuuts.—The results obtained by sub- 
cutaneous injection of Diazinon in peanut 
oil are summarized in table 1. All dosages 
(5 to 50 mg./kg.) gave complete kill of the 
grubs present at the time of treatment 
and of all those appearing for the next 2 


weeks. The 10-mg. dosage was not com- 
pletely effective at 3 weeks, and none of 
the dosages were effective 4 weeks after 
injection. The 5-mg. dosage could not be 
properly evaluated after the first week 
because no grubs appeared during the 
second and third weeks. 

The results obtained from oral admin- 
istration of certain insecticides are sum- 
marized in table 2. Diazinon at 10 and 
25 mg./kg. gave almost complete kill of 
the grubs present at time of treatment. 
The lower dosage was completely effective 
against new grubs for 1 week but less ef- 
fective the second week. No new grubs 
appeared after treatment at the higher 
dosage. 

Compound L 13/59 gave excellent kill 
of the grubs present at treatment. At the 
highest dosage complete kill of new grubs 
occurred for 2 weeks after treatment, par- 
tial kill at 3 weeks, and no kill at 4 weeks. 
With each of the lower dosages no new 
grubs appeared during the 4-week obser- 
vation period, probably an indication that 
grubs were not present rather than killed 
by the treatment. 


Table 2.—Effectiveness of oral treatments with phosphorus insecticides against the common cattle 


grub. 
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Chlorthion at 50 mg./kg. killed approx- 
imately 66 per cent of the grubs present at 
time of treatment. During the first and 
second weeks no grubs appeared, and at 
3 weeks grubs appeared but were not 
killed. 

Compound 21/199 at 25 mg./kg. was 
completely ineffective at the time of treat- 
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ment and during the 4-week observation 
period. 

Few, if any, grubs were killed before 
reaching the back, since new grubs usually 
appeared 4 to 6 weeks after treatment. 

Because each of the oral dosages was 
given to a single animal, there is no oppor- 
tunity to check the results for consistency. 
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A Survey on DDT-Accumulation in Soils in Relation 
to Different Crops! 


JosepH M. Ginssure and Joun P. Resp, New Jersey Agricultural Experiment Station, New Brunswick 


Since 1947, when the application of 
DDT became a standard practice for 
insect control in orchards, field and vege- 
table crops, the fear of accumulating 
large deposits of this toxicant in soils has 
been a source of concern to federal and 
state investigators, farmers, and commer- 
cial manufacturers. The ultimate fate of 
DDT applied to growing crops is still a 
matter of conjecture. Will it decompose 
and disappear from the soils, or will its 
deposits from sprays and dusts continue 
to increase from year to year and eventu- 
ally reach quantities harmful to plant 
growth? 

This problem has become more chal- 
lenging since recent results from several 
investigations indicate that not all plants 
are tolerant to DDT. Several crops show 
distinct injury and growth retardation 
either from spray applications, Dudley 
(1947), Gould (1951), Weigel (1951), and 


Wyle (1952), or as a result of incorporat- 
ing DDT directly into the soil, Fleming 
(1947), (1948), Foster (1951), and Thur- 
ston (1953). While certain crops common- 
ly treated with DDT appear highly toler- 
ant to it, such as many grains, orchard 
trees, corn, and potatoes, other crops 
commonly grown in rotation with them 
are highly sensitive, such as Rosen and 
Abruzzi rye, tomatoes, squash, and snap 
beans. 

The possibility of accumulating DDT 
in soils from spray practices is of greater 
significance in orchards and with crops 
where the green plants are turned under 
and incorporated in the soil after each 
harvest, as is generally practiced with 
potatoes and sweet corn. In apple or- 
chards, for instance, where four or more 


1 Journal Series paper of the New Jersey Agieeltueel Experi- 
ment Station, Rutgers University, the State University of New 
Jersey, Department of Entomology, New Brunswick. 
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sprays may be applied each season, the 
DDT residues may amount to 30 to 50 
pounds per acre annually. Of course, not 
all of this quantity is expected to reach 
the soil. Part of it will decompose by sun- 
light while still on the foliage or on the 
soil surface, Lindquist et al. (1946), Chis- 
holm et al. (1949), Kirk (1952), and Gins- 
burg (1953). A portion of it may be 
washed out by heavy showers. Some of the 
DDT will decompose in the soil while in 
contact with certain catalytic agents, 
such as oxides of iron: Fleck & Haller 
(1945), Fleck (1948), Gunther & Tow 
(1946), and Downs et al. (1951). 

A considerable amount of investiga- 
tional work has already been carried out 
on the persistence of DDT in different 
soils. Smith (1948) incorporated DDT in 
acid and alkaline soils ranging in pH from 
5.8 to 8.0. After 18 months of expo- 
sure outdoors, or by controlled leaching 
in the laboratory, about 95 per cent of 
the original amount of the DDT has been 
recovered in both ranges of soil. Ack- 
ley et al. (1950) have analyzed soils from 
apple orchards in the Wenatchee and 
Yakima areas in Washington, sprayed for 
several years with DDT, and found vari- 
ations of from 29 to 81 p.p.m. of DDT 
in the upper 4 inches of soil. Westlake 
(1950) analyzed soils from six apple or- 
chards after 3 years of spraying and re- 
ported variations from 46 to 91 pounds 
per acre. Fleming et al. (1951), after re- 
covering about 30 per cent of the total 
DDT incorporated in field plots about 6 
years after treatment, concludes that 
DDT in soil undergoes a slow rate of 
decomposition. Foster (1951), reports that 
a soil from a peach orchard sprayed an- 
nually with 25 pounds of DDT per acre 
during 1946-49 contained at 3 to 4 inch 
depth 11 and 127 p.p.m. DDT between 
and under trees, respectively. Fleming & 
Maines (1953) incorporated 25 pounds 
of DDT per acre in 84 mineral soils and 
in one muck soil and subjected them to 
weathering. At the end of 8 years, about 
44 per cent of the original DDT remained 
in the soils, being most persistent in sand 
and least in muck. The pH within the 
range of 4 to 7.5 seemed to have no effect. 

In general, the results previously re- 
ported seem to indicate that DDT does 
not readily decompose in most of the cul- 
tivated soils and may, after repeated an- 
nual applications, remain in sufficiently 
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large quantities to interfere with the 
growth of certain crops. 

The purpose of this investigation is 
two-fold: First, to determine the quanti- 
ties of DDT that have already accumu- 
lated in New Jersey soils from spray and 
dust applications on different crops, and 
Second, to conduct periodic or annual 
analyses of the soils in order to secure 
information on the rate at which DDT 
deposits continue to increase as a result 
of successive annual spray applications. 

MarTeErRIALS AND Mertuops.—Soils from 
12 apple orchards, 8 potato farms, 10 
sweet corn fields, and 1 cranberry bog 
were analyzed for DDT in 1953. The 
apple orchards were selected in the major 
apple growing regions in the state. Each 
orchard received annually, since 1947, 
three to four sprays of DDT, 50 per cent 
W.P. at 1 to 2 pounds per 100 gallons, 
usually following the recommendations 
in New Jersey. The soil types encountered 
were: Loam—3; Collington sandy loam— 
4; and Sassafras sandy loam—5. Speed 
sprayers were employed in all orchards. 
Most of the orchards were cultivated 
regularly to a depth of 3 to 5 inches, while 
some were kept in sod and only occasion- 
ally cultivated. Representative sections 
in each orchard were selected in consulta- 
tion with the grower. Samples were col- 
lected under the spread of branches, ap- 
proximately 4 to 6 feet (depending on the 
size of the tree) from the main tree-trunk 
and in rows between trees at three depths, 
—0 to 4 in., 4 to 8 in. and 8 to 12 in. A 
standard LaMotte soil sampling tube 
approximately 1 inch in diameter was 
used. A sample consisted of 4 to 6 cores 
around each tree, from about 10 trees per 
section. The samples were collected in 
paper bags, and the heavy clumps were 
broken up and allowed to dry in the labor- 
atory. The air-dried soil was then thor- 
oughly mixed and stored for chemical 
analyses. By a similar procedure, soil 
samples from the other three crops were 
collected. 

The potato farms received several ap- 
plications of sprays or dusts of various 
DDT formulations each season since 1946. 
In each of the selected farms, potatoes 
were grown annually and cultivated to a 
depth of about 9 inches. The vines were 
plowed under after harvest. The soils 
were sampled at depths of 0 to 9 and 9 to 
12 inches. 
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The corn fields received several appli- 
cations of sprays and dusts each season 
since 1947. Sweet corn was grown annual- 
ly, and the stubble was plowed under to a 
depth of 9 to 10 inches. In four farms the 
soils were sampled at depths of 0 to 4, 4 
to 8, and 8 to 12 inches, whereas in the 
other six farms, samples were collected 
only at two depths namely, 0 to 9 and 
9 to 12 inches. Eight of the soils were 
sandy loams and two were clays. 

One cranberry bog was analyzed at 
depths of 0 to 4, 4 to 8, and 8 to 12 inches. 
The cranberries in this bog received an 
average of two dusts and two sprays each 
season since 1947. At the time of sampling, 
June 11, 1953,? the records showed 13 
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dustings and 12 sprays The total amount 
of actual DDT applied on this bog during 
the entire period was about 85 pounds per 
acre. 

The DDT-analyses were made by the 
colorimetric method of Schechter e¢ al. 
(1945) as modified by Wichman e¢ al. 
(1946), Downing & Norton (1951), and 
Pontoriero & Ginsburg (1953). Three 
hundred gm. of soil were extracted with 
300 ml. of benzene by shaking for about 
30 minutes. The filtrates were decolorized 
by shaking for 5 to 10 minutes, as re- 
quired, with about 5 gm. of a mixture 
containing four parts filter cell and two 


2 These samples were obtained through the efforts of Dr. O. 
Starnes. 





Table 1.—DDT recovered from soils in apple orchards sprayed during 1947-1952. 




















Sor DDT-RecoverepD 
ORCHARD Partor Derru, ————-——————— 
No. LocaTION AND DESCRIPTION OF ORCHARD ORcHARD INCHES P.P.M.  Pounds/Acre 
1 New Brunswick Under 0-4 63.7 76.5 
Nixon loam trees 4-8 1.4 1.6 
Medium size trees of different varieties, spaced 8-12 0.4 0.5 
24X20 ft. Occasionally cultivated to a depth a 
of 3 to 4 inches. 78.7 
Between 0-+ 29.8 35.8 
trees 4-8 3.4 4.0 
8-12 0.1 0.1 
39.9 
Q South River Under 0-4 73.0 87.6 
Sassafras sandy loam trees 4-8 19.8 23.7 
Large Rome trees spaced 28 X 82 ft. Cultivation 8-12 1.9 2.3 
4 to 5 inches deep. — 
20-25 spray gal. per tree. 113.6 
Between 0-4 39.2 47.0 
trees 4-8 9.3 11.2 
8-12 0.0 0.0 
58.2 
3 Penn’s Neck Under 0-4 25.3 30.4 
Sassafras loam trees 4-8 3.0 3.6 
Large Rome trees spaced 40X40 ft. Soil kept —_—— 
in sod, rarely cultivated, no cover crop. 34.0 
12-14 spray gal. per tree. Between 0-4 16.0 19.24 
trees 
t Same as No. 3, but the trees are spaced 30X30 Under 0-4 37.5 45.0 
rt. trees 4-8 6. 7 
12-14 spray gal. per tree. — 
52.3 
Between 
trees 0-4 13.4 16.0 
5 Cranbury Under 0-4 55,1 66.0 
Sassafras sandy loam trees 4-8 3.9 4.7 
Several varieties planted in 1932. Spaced = 
30X36 ft. Cultivation 3 to 4 inches deep. 70.0 
Rye cover crop. Straw-mulch. Between 0-4 21.2 25.4 
About 20 spray gal. per tree. trees 4-8 ¥.) 1.3 
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OrcHARD 


No. 
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10 


left in sod. N& cover crop. Between 0-+ 
trees 4-8 
Marlton Under 0-4 
Collington loam trees 4-8 
Red Rome planted 1912. Spaced 40X40 ft. No 8-12 
cultivation. No cover crop. 
Between 0-4 
trees 
Vincentown Under 0-4 
Sassafras sandy loam trees 4-8 
Red Rome planted in 1919. Spaced 40X32 ft. 
Cultivation 4 to 5 inches deep. No cover 
crop. Between 0-4 
trees 4-8 
Marlton Pike Under 0-4 
Collington fine sandy loam trees 4-8 
Rome trees spaced about 24X34 ft., culti- 
vated. No cover crop. 
Between 0-4 
trees 4-8 
Masonville In places 0-9 
Sassafras loamy sand where 9-12 
Trees 40 years old, spaced 40X40 ft., were re- _ trees 
moved in 1951. The soil was then plowed to _ stood 
a depth of 9 inches and tomatoes planted in Between 0-9 











Sor. 
Partor  Deptn, 
LocaTION AND DescripTION OF OrncHARD ORCHARD INCHES 
Tennent Square, Freehold Under 0-4 
Loam trees 4-8 
Several varieties planted in 1930. Spaced 8-12 
40X36 ft. Cultivation 3 to 5 inches. Hay 
mulch. Vetch cover crop. 
About 17 spray gal. per tree. 
Between 0-4 
trees 4-8 
8-12 
Freehold Under O—4+ 
Collington sandy loam trees 4-8 
Rome & McIntosh planted in 1928. Spaced 
36X36 ft. Cultivation 3 to 4 inches. Vetch 
cover crop or left in sod. Between Ot 
trees 4-8 
Colts Neck Under 0-4 
Collington sandy loam trees 4-8 


Rome & McIntosh planted 1928. Spaced 
36X36 ft. Cultivation 3 to 4 inches deep or 


1952. Poor growth observed in places where __ trees 


the trees stood. 


P.P.M. 


DDT-REcoverEeD 





53.2 
4.6 5.5 
2.6 3.2 





21.2 25.4 
6.9 8.2 
3.7 4.5 
31.5 37.8 
7.5 9.0 
38.6 45.3 
13.5 16.2 
54.7 65.6 
14.9 18.8 
$1.8 37.6 
1.0 | 
8.1 §1.7 
5.1 6.1 
§.8 6.9 
15.8 18.9 
$1.5 37.8 
8.5 10.1 
Sit 25.4 
8.8 10.5 
34.7 41.7 
25.5 30.6 
18.9 22.6 
12.5 


7.6 6.82 
9.9 6.7 


Pounds/Acre 


44.3 


61.8 


61. 


84.é 


38. 


64. 


37.6 


44.5 
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Table 2.—Average DDT in Orchard Soils at and compared with a standard curve of 
Different Depths. p,p'-DDT, similarly developed, from 
technical DDT.* The average results of 








Pounpbs or DDT Perr Acre 

















~~ the chemical analyses as well as a brief 
DeEprH Under Trees Between Trees description of each soil and treatment are 
, presented in six tables. 

(nches) Min. Max. Min. Max. Resutts.—DDT in Apple Orchard Soils. 
0-4 37.7 87.6 26.7 61.5 —The results, presented in table FR 
4-8 1.6 30.6 1.3 15.0 brought out the following information. 
8-12 0.5 6.9 0.0 4.5 In 11 of the 12 orchards tested, larger 

er 35 113 96 61 quantities of DDT have accumulated in 
(total) soils under the spread of branches than 





in rows between trees. Only in one or- 
chard (No. 7), the results were reversed. 
In all orchards, most of the DDT was 
found in the upper 4 inches of soil, cor- 
responding to the average depth of cul- 


parts Nuchar. Aliquots of the clear fil- 
trates were used for analyses. The photo- 
metric densities of p,p’-DDT were meas- 
ured on the Fischer electrophotometer 
at a wave length of 580 Mu (Filter #58) 3 Mr. S. Buckser assisted in the chemical analyses. 


Table 3.—DDT deposits in soils from potato crops, sprayed during 1946-52. 



































So DDT-ReEcovERED 
Farm Dertxe _ ——_-—_——_—— 
No. Location AND DDT App.icaTions (Inches) P.P.M. Pounds/Acre 
1 Salem. Sandy loam. 25% DDT emulsion, 1 quart per 100 0-9 1.5 0 
gal. (0.5 lb. DDT). From 5 to 7 sprays were applied 9-12 6 0.5 
each season during 1947-52, cultivated to 9-10-inch — 
depth. 4.5 
2 Elmer! 0-9 Ly | 4.5 
Sassafras loamy course sand. 9-12 0.2 0.2 
mY 
3 Elmer! 0-9 1.0 £4 
Sassafras loamy course sand. 9-12 1.2 Pe 
3.8 
4 Salem! 0-9 1.5 4.0 
Sandy loam 9-12 i! 1.0 
>.0 
5 Freehold! 0-9 1.8 4.5 
Monmouth loam 9-12 0.4 0.4 
4.9 
6 New Brunswick. Sassafras sandy loam. 50% W.P., 2 lbs./ 0-9 5.1 13.8 
100 gal. Sprayed 125 gal. per acre, 7-8 times each season 9-12 1.0 0.9 
during 1946-52. Cultivation to 9-inch depth. 
14.7 
7 Cranbury. Sassafras sandy loan. As No. 6, but applied 0-9 2.9 7.8 
only during 1946-51. 9-12 0.4 0.4 
8.2 
8 Freehold. Sassafras sandy loam. Dusted with 3% DDT by 0-9 3.4 9.2 
airplane during 1946-50. Sprayed as in No. 6 during 9-12 1.7 1.5 


" 1951-52. 








' Same treatments and cultivation as Farm No. 1. 
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Table 4.—DDT found in soils from corn crops sprayed and dusted during 1947-52. 



























































Sorn DDT-ReEcoverED 
Farm DeptH 
No. Location AND DDT AppLicaTIons (Inches) P.P.M. Pounds/Acre 
1] Bridesboro. Sandy leat, 5 applications annually of 1 2 0-4 4.2 5.0 
lbs. DDT/acre. Dusts were used in 1948-49-50 and 4-8 8.3 4.0 
sprays in 1951 and 1952. 8-12 2.2 2.6 
11.6 
12 Salem. Dusted 5 times each season with 1-2 lbs. DDT/ 0-4 4.0 4.8 
acre during 1948-52. 4-8 3.3 4.0 
8-12 2.6 3.2 
12.0 
13 Same as No. 12. 0-4 2.0 2.3 
4-8 2.0 2.3 
8-12 1.0 1.2 
5.8 
14 Same as No. 12. 0-4 2.5 3.0 
4-8 1.8 24 
8-12 1.3 1.5 
6.7 
15 Marlton. Beniinde sandy pang 1948-49. 3% dust, 35 0-9 3.4 9.2 
lbs./acre, 4 applications yearly. 1950-52—5% dust, 9-12 1.0 0.9 
35 lbs. per acre, 4 applications yearly. 1951-52—4 —— 
extra applications of 5% dust on broccoli. 10.1 
16 ‘Darlington. Sessatne conily loam. 1947-48—3% dust, 0-9 6.5 17.4 
50 lbs./acre, 3 or more applications per year. 1949-52 9-12 1.9 1.9 
—5% dust, 50 lbs./acre, 4 applications annually. — 
19.1 
17 Florence. Sassafras sandy bie: 1947-4 193% dust, 50 0- 9 6.5 16.4 
Ibs./acre. 1950-51—5% dust, 50 lbs. p Sigg’ applica- 9-12 0.7 0.6 
tions per year. 1952—2 sprays of 2 Ibs. 50% W.P. per - 
100 gals. per acre. 17.0 
18 Marlton. Collington onndy loam. 1946- 473% dust, 50. 0-9 6.3 17.0 
Ibs. /acre, 4 applications each year. 1948-52—5% dust, 9-12 0.5 0.5 
50 lbs. per acre, 5 applications annually. 1949—no — 
treatment. 17.5 
19 Springfield. Heavy clay. 1949-52—5% dust, appl’ d 5-6 0-9 2.7 7.3 
times each year at 35 lbs./acre. 9-12 1.0 0.9 
8.2 
20 Chester. Medium day loam. 1951—5 sprays of DDT 0-9 2.4 6.5 
emuls. at 1.5 Ibs./acre. 1952—3 sprays of the same. 9-12 0.4 0.4 
Total=12 Ibs. DDT/acre. — 
6. 





tivation. Small quantities were recovered 
in 4 to 8 inches depths and still smaller 
amounts at the 8 to 12 inches depths. The 
average total DDT recovered from all 
depths (Table 2) in any single orchard, 
measured in pounds per acre, varied from 
35 to 113 under trees and from 26 to 61 
between trees. 


DDT in Potato Soils.—The total 
amount of DDT recovered in this group 
of soils (Table 3) varied from a minimum 
of 3.8 to a maximum of 14.7 pounds per 
acre. 1 ractically all of the DDT was pre- 
sent in the 0 to 9 inch layer of soil or plow 
depth, and very little at the 9 to 12-inch 
layer. Apparently DDT does not pene- 
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trate vertically downward, unless plowed 
in or other wise mechanically mixed. It 
should be pointed out here that the lowest 
quantities of DDT deposits were re- 
covered in the five soils where sprays of 
DDT emulsion were applied, giving a 
narrow range of 3.8 to 5 pounds per acre. 
On the other hand, the highest amount 
(14.7 pounds) was found in soil No. 6 
where DDT-W.P. sprays were used. In 
the emulsion formula only 0.5 pound of 
actual DDT per 100 gal. was used as com- 
pared with 1 pound of actual DDT in 
W.P. form. 

DDT in Corn Soils.—Rather large vari- 
ations (Table 4) were encountered in this 
group of soils, ranging from 5.8 to 19.1 
pounds of DDT per acre. As in the potato 
soils, the greatest amount of DDT accu- 
mulated within the plow depth layer of 0 to 
9 inchs. This fact is brought out even 
more clearly when the soil analyses from 
farm Nos. 11, 12, 13 and 14, where three 
depths were sampled, are examined. The 
middle layer of 4 to 8 inchs yielded almost 
as much DDT as the surface layer of 0 to 
4 inches, whereas the lowest layer of 8 
to 12 inches contained much less DDT 
than the upper layers, but considerably 
more than the 9 to 12-inch depths in the 
soils from farm Nos. 15 to 20 inclusive. 
Evidently the layer of soil at 8 to 9 inch, 
which was still within the plow depth, is 
responsible for the higher amounts of 
DDT recovered from the 8 to 12 inch 
depths in the first four soils, as compared 
with the 9 to 12-inch depths in the other 
six soils. In this respect, no differences 
were apparent between the two clay soils, 
Nos. 19 and 20, and the four sandy loam 
soils, Nos. 15, 16, 17, and 18. In each case, 
regardless of soil type, practically all of 
DDT remained within the plow depth 
layer, again indicating no vertical down- 
ward movement of DDT. 

DDT in Cranberry Bog Soil.—The re- 
sults show a total of 34.5 pounds of DDT 
recovered out of an approximate gross 
total of 85 pounds applied since 1947. 
Applications of DDT were started in this 
bog in 1947 and continued to date of sam- 
pling in 1953. Each year about two appli- 
cations of dust and two of sprays were 
applied. A total of 13 applications of 5 to 
1 per cent DDT at 50 pounds per acre 
and 11 applications of 50 per cent wetta- 
ble powder at 5 pounds per acre and one 
application of 50 per cent wettable pow- 
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Table 5.—Average amounts of DDT in soils 
from different crops. 








Pounps or DDT per Acre 








Avg. total 

Crops Min. Max. of all soils 
Potatoes 4 15 7 
Corn 6 19 11 
Cranberries — 34 —- 

Apple Orchards 

Under trees 35 113 54 
Between trees 26 61 35 





der at 8 pounds per acre were made. As 
in the other three groups of soil, most of 
the DDT (32 pounds) was located in the 
upper 4 inches, little (2.5 pounds) at 4 to 
8 inches, and none at 8 to 12 inches. Even 
in this light, fluffy type of soil, the DDT 
did not penetrate downward to any ap- 
preciable extent below the cultivation 
depth of 4 inches. 

Discussion.—The variations in the 
quantities of DDT recovered within each 
group of soil may be ascribed to one or 
more of the following factors: DDT for- 
mulations employed; number of sprays or 
dusts applied per season; methods of appli- 
cation; total amount of DDT applied per 
acre; soil topography, and climatic condi- 
tions. In orchard soils, the number of 
trees per acre, size of trees, and the gal- 
lonage applied per tree with each spraying 
are also contributing factors. In the apple 
orchards tested, the amounts applied per 
tree with each spray varied from 12 gal- 
lons in orchard No. 3, where the DDT 
deposits in the soil were comparatively 
low, to about 25 gallons in orchard No. 2, 
where high DDT deposits were found. 
Apparently the type of soil has not played 
any significant part in the DDT accumu- 
lation. 

For the sake of comparison, the overall 
average total DDT found per acre of soil 
from different crops are summarized in 
table 5. The lowest DDT deposits, 7 
pounds per acre, were present in potato 
soils. This was followed by 11 pounds in 
corn soils; 34 pounds in the cranberry bog, 
and 54 pounds in soils from apple or- 
chards. 

SUMMARY AND Conciusions.—A study 
was made on the accumulation of DDT 
deposits in soils from 12 apple orchards, 
10 corn fields, 8 potato farms, and 1 cran- 
berry bog as a result of commercial spray 
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and dust applications for insect control 
during the last 6 years. Samples of soils, 
collected at different depths, were anal- 
yzed for DDT and brought out the fol- 
lowing: 

In soils from apple orchards the DDT 
ranged, in pounds per acre, from 35 to 113 
under trees and from 26 to 61 between 
trees. Most of the DDT was found in the 
upper 4 inches of soil, corresponding to 
the average depth of cultivation, small 
quantities in 4 to 8 inch-depths, and low 
amounts at 8 to 12-inch depths. 

The cranberry bog contained a total of 
34.5 pounds of DDT per acre, of which 32 
pounds were present in the upper 4 inches 
of soil. 
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from 5.8 to 19, or an average of 11 pounds 
per acre. 

The lowest deposits of DDT were found 
in potato soils ranging from about 4 to 15, 
or an average of 7 pounds per acre. 

Practically all of the DDT recovered 
in both potato and corn soils was located 
at 0 to 9-inch layers, corresponding to the 
average plow depth. 

Generally the results indicate that 
DDT residues do not penetrate vertically 
downward below the plow and cultivation 
depths. 

The soil type in this investigation, rang- 
ing from loamy sand to heavy clay, did 
not play any significant role in the amount 
of DDT retained from the spray and dust 








In corn soils, the total DDT ranged _ residues. 
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Cabbage Maggot Control in Late Cabbage! 





A. C, Davis, K. G. Swenson, and M. E. Parrerson, New York State Agricultural Experiment Station, Geneva 


Cabbage maggot control in plantings 
of late cabbage in western New York is 
at present conducted in field seedbeds 
during late April and the seedlings are 
transplanted into the field during June 
and early July. Control of the cabbage 
maggot is only necessary during the seed- 
bed stage with this type of culture, and 
the methods recommended by Glasgow 
(1925) are still in general usuage. These 
are: (1) covering the seedbed with cheese- 
cloth to prevent oviposition by the adults; 
(2) treating the seedlings with drenches 
of either corrosive sublimate or calomel. 
These control measures are neither prac- 
tical nor economical except where plants 
are concentrated in a small area such as 
a seedbed and even here could be consid- 
erably more effective. Lack of an eco- 
nomical and effective method of control 
for the cabbage maggot in the field has 
been one of the main limiting factors to 
the seeding of late cabbage directly in the 
field in which it is to mature. This work 
was undertaken to develop such a control 
method and also a better control method 
for use in the seedbed. 

1950 ExperRIMENT.—Four insecticides 

-aldrin, chlordane, and dieldrin, each at 
4 and 8 pounds of toxicant per acre, and 
heptachlor at 2 and 6 pounds per acre— 
were tested as soil insecticides for the con- 
trol of the cabbage maggot in a field seed- 
ing of cabbage. Plots were treated on 
April 26 by broadcast applications of the 
insecticides, diluted with pyrophyllite 
and applied at the rate of 500 pounds of 
dilute dust per acre, to the top of the soil 
with a hand fertilizer spreader. The plots, 
30’X18’ (6 rows), were then harrowed 
thoroughly to mix the insecticide in the 
top 3 to 4 inches of soil. Treatments were 
replicated four times in randomized 
blocks. Cabbage seed, Wisconsin Allsea- 
son was planted in the test area with a 
tractor-mounted precision planter on 
April 28. Seeds were placed 3 to 6 inches 
apart in the row and later thinned to give 
a plant every 18 inches in the row. Injury 
records were made on 20 mature roots dug 
from each plot in the fall. These roots 
were washed and scored only on a basis 
of injured and non-injured roots. Yield 
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records were obtained from 40 feet of the 
center four rows in each plot and con- 
verted to tons per acre. 

The results of this test are given in 
table 1. All treatments significantly re- 
duced the number of roots showing injury. 
Dieldrin gave exceptionally good control 
at both concentrations tested, indicating 
that lower concentrations should be 
tested. Heptachlor applied at the rate of 


Table 1.—Effectiveness of soil-applied insecti- 
cides for the control of the cabbage maggot in di- 
rect seedings of cabbage. Geneva, N. Y., 1950. 








Pounps Ave. No. 
Toxicant InNsuRED YIELD 








PER Roots ‘ToNs PER 

TREATMENT ACRE PER 20 ACRE 
Untreated -- 18.3 31.0 
Aldrin 4 6.3 32.6 
Aldrin 8 4.0 $1.5 
Chlordane 4 15.0 $3.7 
Chlordane 8 8.3 29.8 
Dieldrin 4 2.0 31.6 
Dieldrin 8 2.0 33.3 
Heptachlor 2 8.0 30.0 
Heptachlor 6 1.8 28.4 
L.S.D. (19:1) 2.2 

(99:1) 3.0 





6 pounds per acre also gave excellent con- 
trol. The degree of injury to the cabbage 
roots from the aldrin, dieldrin and hepta- 
chlor plots was very slight. This injury 
seemed to indicate that the maggots sur- 
vived only long enough to feed slightly on 
the roots, as the feeding scars were super- 
ficial and no puparia were observed 
around these roots. The control obtained 
with chlordane was rather disappointing. 
While the severity of root injury had not 
been categorized it was interesting to note 
that about 75 per cent of the injured roots 
from the chlordane plots was of a very 
heavy nature. Many puparia were found 
around the roots and in the feeding tun- 
nels, indicating that a large number of the 
larvae had reached maturity. Chlordane 
was either not as toxic to the cabbage 
maggot as the other insecticides tested or 
else it had a poor residual toxicity. The 


1 Journal Paper No. 951, New York State Agricultural Ex- 
periment Station, Geneva, N. Y., November 12, 1953. 
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latter seemed unlikely as tests with wire- 
worms indicated otherwise (Rawlins et al. 
1949). 

There was very little difference in yield 
between the various treatments, and it 
was interesting to note that the average 
number of roots injured is not correlated 
with yield. Most of the root injury occur- 
red during the second and third genera- 
tions of the insect, but even where severe, 
as in the untreated plots, this was not 
reflected in a yield decrease. Despite the 
fact that the control records were not ob- 
tained on seedling cabbage plants, treat- 
ments capable of protecting roots through 
the second and third generations of the 
maggot should be effective during the 
first generation or in the cabbage seedling 
stage. 

1951 Experiments.—The plots in the 
1950 experiment were replanted to cab- 
bage, Wisconsin Allseason, without fur- 
ther insecticidal treatment and a similar 
culture maintained. Seed was again 
planted with a precision planter which 
placed a seed every 6 inches in the row. 
This planting was a failure and was re- 
seeded with a hand planter which gave a 
plant every 0.5 inch, and was subsequent- 
ly thinned to give a plant every 18 inches 
in the row. As in 1950, first generation 
maggot injury was negligible and injury 
records were made on 25 mature roots per 
plot in the fall. The roots were washed 
and graded into four categories, 0, 1, 2 
and 3 indicating uninjured, slight, moder- 
ate and severe injury, respectively. The 
category number was multiplied by the 
number of roots in it, and the sum of the 
four resulting products constituted the 
injury index for the plot. The highest pos- 
sible score, indicating all roots severely 
injured, is 75. Yields were taken from 40 
feet of the four center rows. 

The results of this test on the residual 
toxicity of the four insecticides are given 
in table 2. Dieldrin applied at the rate of 
8 pounds per acre was the only treatment 
that appeared to have any appreciable 
degree of residual toxicity, but even this 
degree of cabbage maggot control was not 
of commercial importance. Thus, land 
treated the preceding year for some soil- 
inhabiting insect such as wireworms would 
require retreatment in order to obtain 
control of the cabbage maggot. There was 
no significant difference in yields between 
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Table 2.—Residual toxicity of soil-applied in- 
secticides to the cabbage maggot in direct seed- 
ings of cabbage. Geneva, N. Y., 1951. 








Per Cent Ave. 

















PouNDs 
ToxI- AVE. Repuc- YIELD 
CANT INJURY TION Tons 
PER INDEX Over UN-_ PER 
TREATMENT ACRE TREATED! ACRE 
Untreated —- 56.0 19.0 
Aldrin + 49.8 13.2 17.2 
Aldrin 8 46.0 17.9 16.6 
Chlordane 4 60.5 — 19.9 
Chlordane 8 61.8 —— 17.3 
Dieldrin 4 44.3 20.9 16.8 
Dieldrin 8 21.5 43.8 18.5 
Heptachlor 2 56.8 — 7.7 
Heptachlor 6 48.3 13.8 17.6 
L.S.D. (19:1) 8 


4 
(99:1) 11.38 





1 Computed by Abbott’s formula. 


treatments nor any correlation between 
yield and control of the cabbage maggot. 

In 1950 some plots had been treated 
with the same four insecticides, but here 
aldrin was tested at 2, 4 and 8 pounds 
per acre, dieldrin and chlordane at 1, 2, 
4 and 8, and heptachlor at 1, 2 and 4 
pounds per acre. Treatments were repli- 
cated four times in randomized blocks. 
Diluted insecticides were broadcast on 
top of the soil and then worked into the 
soil as before. In 1950 this land was fal- 
lowed and planted to rutabagas without 
further insecticidal treatment in 1951. 
Injury records were obtained on 50 ruta- 
bagas from each plot by categorizing the 
injury as in the preceding experiment. The 
highest possible degree of injury in this 
case would be 150. 

The results of this residual toxicity 
test are given in table 3. Aldrin and diel- 
drin applied at the rate of 8 pounds per 
acre were the only treatments that showed 
a large reduction in the amount of injury 
incurred, but this reduction was not of 
economic importance. 

In 1951 the method of applying an in- 
secticide for the control of the cabbage 
maggot in direct seedings of cabbage was 
tested. Dieldrin was selected as the test 
insecticide due to previous performance. 
Three methods of application were tested, 
broadcast dust, broadcast spray, and 
seed furrow treatments. The broadcast 
treatment was at the rate of 2 and 4 
pounds of toxicant per acre and applied 
as in previous experiments. The spray 
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Table 3.—Residual toxicity of soil-applied in- 
secticides for the control of the cabbage maggot 
in a planting of rutabagas. Geneva, N. Y., 1951. 














Pounpbs Per Cent 

TOXICANT Ave. REDUCTION 

PER InsurY Over UN- 

TREATMENT ACRE INDEX TREATED! 
Untreated —— 127 — 
Aldrin Q 126.5 ao 
Aldrin 4 138.3 a 
Aldrin 8 73.3 42 
Chlordane 1 129.0 — 
Chlordane 2 138.5 — 
Chlordane 4 133.3 — 
Chlordane 8 128.3 _- 
Dieldrin 1 134.5 ae 
Dieldrin Q 133.5 — 
Dieldrin 4 109.5 13 
Dieldrin 8 65.3 48 
Heptachlor 1 120.0 — 
Heptachlor Q 121.5 — 
Hpetachlor 4 102.8 19 

LS.D. (19:1) 16.1 
(99:1) 21.5 





1 Computed by Abbott’s formula. 


application was applied at the rate of 4 
pounds of toxicant (emulsifiable concen- 
trate) per acre to the soil surface by means 
of a low-gallonage sprayer in 20 gallons 
of water per acre. Following application 
the treated soil was harrowed to a depth 
of 3 to 4 inches. In the third method the 
seed furrow was opened and seeded with 
a hand planter (covering hoes removed) 
and 1 per cent dieldrin dusted into the 
open furrow at the rate of 40 pounds per 
acre, or 0.6 pound of toxicant per acre. 
The furrow was closed with a hoe follow- 
ing treatment. 

A 5X5 Latin square design was used 
with plots 20’ X20’ (6 rows wide plus a 
small buffer zone). All plots were seeded 
to Wisconsin Allseason cabbage on May 
18 with a hand seeder and thinned as in 
previous experiments. The first genera- 
tion cabbage maggot infestation was neg- 
ligible, due in part to the lateness of the 
planting. Injury records were made on 25 
roots sampled from each plot in the fall 
and categorized for injury as before. The 
maximum degree of injury would be 75. 

The results of this test are given in 
table 4. The amount of injury in the un- 
treated plots was only moderate. There 
did not appear to be any differences be- 
tween the three methods of application 
tested, and since there was such a low 
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Table 4.—Difference between three methods 
of applying dieldrin for the control of the cabbage 
maggot in direct seedings of cabbage. Geneva, 
N. Y., 1951. 











Pounps Per Cent 
Toxicant Ave. MReEpwucTION 
APPLICATION PER InsuryY Over UN- 
Metnop ACRE INDEX TREATED 

Untreated _- 46.6 

Broadcast 2 7.8 83.3 
Broadcast 4 5.2 88.8 
Spray 4 3.6 92.3 
Furrow 0.6 3. 92.3 





rate of application per acre in the case of 
the furrow treatment, it would appear 
that this method showed the greatest 
promise. 

1952 ExprertMenTt.—The seed furrow 
method of application was investigated 
more fully in 1952 as it showed such prom- 
ise in 1951. Spray was selected in prefer- 
ence to the previously tested dust due to 
the simpler application machinery in- 
volved. A pair of garden tractor seeders 
were equipped with spray nozzles which 
applied the spray into the furrow after 
the seed was dropped. Insecticide treat- 
ments were applied in 8 gallons of water 
per acre at a pressure of 60 p.s.i. Four 
insecticides were tested. The high rates 
of application selected correspond closely 
(slightly higher) to the maximum dosage 
previously tested as broadcast treatments. 
Actually only one-ninth the dosage should 
be required in cabbage planted in 3-foot 
rows to give a concentration in the soil 
comparable to a broadcast application. 
Aldrin, dieldrin and heptachlor were 
tested at the rate of 0.25 and 1 pound of 
toxicant per acre, and chlordane at 1 and 
2. Emulsifiable concentrates were used 
in all cases. Plots were 30 feet long and 
4 rows wide with 6-foot buffers between 
plots. Treatments were replicated three 
times in randomized blocks. Seeding was 
done on May 1. First generation cabbage 
maggot infestation was negligible, so 50 
roots were sampled from each plot and 
indexed for injury in the fall, with 150 
being the maximum amount of injury 
possible. Cabbage heads were harvested 
for yield data from the whole plot or from 
120 feet of row. 

The results of this test are given in table 
5. All treatments gave significantly better 
results than the untreated plots, with 
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Table 5.—A comparison of seed furrow treat- 
ments for the control of the cabbage maggot in 
direct seeded plantings of cabbage. Geneva, 
N. Y., 1952. 











Pounps AVE. 
Toxicant Ave. YIELD 
PER InsurY ‘TONS PER 

TREATMENT ACRE INDEX ACRE 
Untreated -- 104 10.3 
Aldrin! 4 72 13.7 
Aldrin 1 50 13.6 
Chlordane 1 66 11.4 
Chlordane 2 49 10.4 
Dieldrin L 54 10.7 
Dieldrin 1 38 11.5 
Heptachlor ry 52 10.3 
Heptachlor l 50 11.3 
L.S.D. (19:1) 26 


(99:1) 36 





1 Missing plot computed as per formula proposed by Yates 
1933). 


better control being obtained at the 
higher dosage. Dieldrin applied at the 
rate of 1 pound per acre gave the best 
results. Chlordane, in view of previous 
results, gave surprisingly good control 
but at a much heavier concentration than 
the other insecticides. The reason for the 
high yields in the aldrin-treated plots is 
not known, but it does not appear to be 
correlated with superior control of the 
cabbage maggot. While none of the treat- 
ments appeared to give outstanding con- 
trol, this method of application showed 
promise for use in direct field seeding of 
cabbage and perhaps even in seedbed 
plantings, but requires much more inves- 
tigation. 

1953 ExpreriMeNnts.—The four previ- 
ously investigated insecticides were tested 
for the control of the cabbage maggot in 
the seedbed. Radishes were used as they 
are highly susceptible to infestation and 
the injury readily recorded. The tests 
were conducted in four widely dispersed 
plantings each consisting of four random- 
ized blocks. Measured amounts of the 
wettable powder formulation of the insec- 
ticides were sprayed on the soil surface 
and then thoroughly raked into the top 3 
to 4 inches of soil. Plots (15’ 20’) were 
then seeded on April 21, 24, 29 and 30 for 
tests 1 to 4, respectively. Injury records 
were obtained in early June on 200 
radishes randomly sampled from the cen- 
ter of each plot. 

The results of these tests are given in 
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table 6. Each figure in the table represents 
the average of the four plots in each test, 
thus the average number of injured ra- 
dishes per 200. Chlordane gave unsatis- 
factory control at all the levels tested. 
Aldrin, dieldrin and heptachlor gave good 
control at all levels tested and appear to 
be superior insecticides for broadcast 
treatments in cabbage seedbeds. 

SumMMARY.—Four insecticides were 
tested as broadcast soil treatments for the 
control of the cabbage maggot in direct 
seedings of cabbage in 1950 and plantings 
of radish in 1953. Chlordane did not com- 
pare favorably with aldrin, dieldrin and 
heptachlor in effectiveness where broad- 
‘ast applications were made. The effective 
dosages for broadcast applications ap- 
peared to be 6 pounds of aldrin per acre, 
3 to 4 pounds of dieldrin, and about 3 
pounds of heptachlor. There did not ap- 
pear to be correlation between yield of 
‘abbage and injury from second and third 
generation cabbage maggot. 

The residual toxicity of the four insec- 
ticides to the cabbage maggot in plantings 
of cabbage and rutabagas was tested in 
1951 on land treated in 1950. None of the 
insecticides, at the concentrations tested, 
gave satisfactory residual control, but 
dieldrin at the rate of 8 pounds per acre 
in cabbage, and aldrin and dieldrin at 8 
pounds per acre in rutabagas significantly 
reduced the amount of cabbage maggot 
injury. 

There did not appear to be any differ- 
ence between applying dieldrin as a broad- 
cast dust, broadcast spray, or as a dust in 
the seed furrow for cabbage maggot con- 
trol. The low application rate of the seed 


Table 6.—A comparison of broadcast soil in- 
secticide treatments for the control of the cab- 
bage maggot in the seed bed. Geneva, N. Y., 





Ave. No. INFESTED Tota. 








RaApDISHES PER 200 —_——_—- 
- a Stand 
Powunps Experiment ard 
TREAT- PERO ————————_—$_$_$_—___—__—_ Error of 
MENT AcRE 1 2 3 4 Ave. Mean 
Untreated — 61.5 42.5 88.2 61.2 63.8 6.8 
Dieldrin 2 2.5 1.8 1.8 2.5 2.1 0.4 
Dieldrin 4 3.0 2.2 3.0 0.8 2.3 0.5 
Dieldrin 6 2.5 0.0 0.8 0.2 0.9 0.4 
Aldrin + 5.5 3.8 1.0 3.0 3.S 0.7 
Aldrin 6 22 90 1.0 6.5 1.4 0.3 
Aldrin 8 2.0 0.6 2.8 0.2 1s. -6.6 
Chlordane 4 40.0 23.0 $2.5 31.8 31.8 $3.2 
Chlordane 6 $2.2 14:0 0.8 19.8 1.5 $.9 
Chiordane 8 25.0 15.0 25.5 12.8 19.6 2.9 
Heptachlor 2 6.8 1.2 0.8 2.8 2.9 0.8 
Heptachlor 4 2.0 1.5 0.0 0.0 0.9 0.4 
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furrow treatment tends to make it a pre- 
ferred method. 

Tests with a seeder-sprayer in 1952 
were not entirely satisfactory, but dieldrin 
applied at the rate of 1 pound per acre as 
a spray in the seed furrow at the time of 
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seeding showed the most promise. This 
method of control requires more thorough 
investigation, but it appears that direct 
seedings of late cabbage in the field could 
be protected from injury by the cabbage 
maggot. 
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Further Studies of Insecticides for Apple 
Maggot Control! 


R. W. Dean, Hudson Valley Fruit Investigations Laboratory, Poughkeepsie, New York 


Two earlier papers dealing with insec- 
ticides for control of the apple maggot, 
Rhagoletis pomonella Walsh, have been 
presented by the writer (Dean 1946, 1951) 
and the present discussion may be con- 
sidered as a continuation of the series. 
As in the preceding reports, both labora- 
tory and field tests are included, and the 
methods used are those described previ- 
ously. 

Marertats.—The insecticides tested 
were commercially formulated prepara- 
tions and were used as received from the 
manufacturer. Their compositions were 
stated to be as follows: 


Aramite—15% wettable powder. 

Blackleaf 253—wettable powder containing 25% 
DDT and 3% paratbion. 

Compound 1189—50% wettable powder contain- 
ing 2,3,3a,4,5,6,7,7a,8,8-decachloro-3a,3,4,7,7a- 
tetrahydro-4,7-methanoindene-1-one. 

CS-708 (Dilan) —25% wettable powder. 

DDT—50% wettable powder. 

Diazinon—25% wettable powder containing 0,0- 
diethyl-0-[2-isopropyl-4-methyl-pyrimidyl (6)] 
thiophosphate. 

Dieldrin—25% and 50% wettable powders. 

Heptachlor—25% wettable powder. 

Lead Arsenate—standard spray formulation. 

Malathion—25% wettable powder. 

Methoxychlor—50% wettable powder. 

Parathion—15% wettable powder. 

Q-137 (Perthane)—25% and 50% wettable pow- 
ders, 47.3% emulsion and 5% dust formulation. 

Strobane—50% wettable powder containing a 
chlorinated mixture of alpha-pinene isomers 
having a chlorine content of approximately 


66% 








Lasoratory Tests.—Methods of test- 
ing insecticides in the laboratory for toxic- 
ity to apple maggot flies used previously 
were of three types, as follows: discon- 
tinuous exposure tests, in which the test 
material is applied to a food film spread 
on one surface of the test cage, continuous 
exposure tests, in which the entire inner 
surface of the test cage is sprayed, and 
controlled exposure tests, a modification of 
the continuous exposure method in which 
the time of exposure to the spray film is 
controlled. In the present investigation, 
the continuous exposure method was not 
used but some materials were tested in a 
manner designed to show their relative 
residual efficiencies. The method was simi- 
lar to the controlled exposure test in that 
approximately 50 flies were exposed in 
sprayed petri dishes for 24 hours, then 
transferred to clean rearing cages and mor- 
talities noted over a 10-day period. The 
tests were repeated at 24-hour intervals 
for 14 days and thereafter on the seven- 
teenth, eighteenth, twentieth and twenty- 
fourth days after spraying, using the same 
sprayed petri dishes throughout. 

Residual Efficiency.—Fifteen per cent 
parathion, at the rate of 1 pound in 100 
gallons, 50 per cent DDT at 2 pounds per 


1 Journal Paper No. 954, New York State Agricultural Fx- 
periment Station, Geneva (Dec. 3, 1953). This work is part of a 
cooperative project with the Bureau of Entomology and Plant 
Quarantine, wep 2 
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100, lead arsenate at 3 pounds and 25 per 
cent dieldrin and 25 per cent heptachlor 
at 4 pounds per 100 gallons, were tested 
for relative residual effectiveness by the 
method outlined above. Since the greatest 
kill occurred within the first 24 hours after 
exposure, mortality records at this point 
were selected for comparison and plotted 
on a spray-deposit-age scale (Figure 1). 
Only lead arsenate failed to give complete 
mortality at some time during the tests. 
Although the 1-day-old DDT residue also 
failed to give complete kill in 24 hours, at 
the age of 2 days and 6 days, it did. Mor- 


% MORTALITY AT 24 HOURS 


5 10 
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Aramite in these tests, the results of which 
appear in table 1. Compound 1189 caused 
complete mortality within five days at a 
dosage of } pound of 50 per cent wettable 
powder in 100 gallons, but at least 3 days 
were required to produce a complete kill 
when 4 pounds per 100 gallons of the same 
material were used. Strobane, at } pound 
of a 50 per cent wettable powder in 100 
gallons required 9 days to cause complete 
mortality but, at 1 pound per 100 gallons, 
a total kill resulted in 2 days, while 2 or 
more pounds in 100 gallons caused com- 
plete mortality in the first 24 hours. Dia- 





15 20 
AGE OF SPRAY DEPOSIT IN DAYS 


Fic. 1.—Effect of age of spray deposit on apple 
maggot fly mortality 24 hours after exposure. 


talities from the DDT residue remained 
above 90 per cent for the first 7 days and 
then declined at a moderate rate. Para- 
thion caused complete mortality for the 
first 3 days and then lost its effectiveness 
rapidly. Heptachlor was completely effec- 
tive for the first 4 days and also on the 
sixth day. Mortality was still high on the 
eighth day and thereafter decreased very 
rapidly. Dieldrin gave a complete kill for 
the first 11 days and, again, on the thir- 
teenth and fourteenth days. On the eight- 
eenth day, mortality was still high but 
declined precipitously thereafter. As 
might be expected with a slow acting in- 
secticide, lead arsenate caused low mor- 
tality rates at the 24-hour level through- 
out the test period. 

Discontinuous Exposure Tests.— 
Dosage-mortality data were obtained for 
Compound 1189, Strobane, Diazinon and 


zinon was the most toxic material in this 
group of tests, one or more pounds of a 25 
per cent wettable powder per 100 gallons 
giving complete kill in the first 24 hours. 
In another series of tests, amounts less 
than $-pound of 25 per cent Diazinon in 
100 gallons failed to cause total mortality 
in the 10-day test period and, at the 3- 
pound level, 5 days were required to reach 
this degree of kill. An unusually high 
mortality occurred in the check for this 
series of tests. Aramite was included in 
the tests because of grower reports that it 
was stated to’ have value for apple maggot 
control. An unexpectedly high toxicity to 
the flies was shown but it was not suf- 
ficient to indicate that the material would 
be of practical value under field condi- 
tions. 

Controlled Exposure Tests.—When ex- 
posed to spray residues of Compound 1189 
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Table 1.—Results of laboratory tests on apple maggot adults, 1953. 








EXPOSURE 





Discontinuous 


Controlled 








Per Cent Mortality 


Per Cent Mortality 














Amount Accumulated in—Days Pounds Accum. in—Days 
in 100 —— per 100 Exposure 
MATERIAL Gals. 1 5 10 Gals. Minutes 1 5 10 
50% Compound 1189 3 Ib. 6 100(5)! 2 5 0 6 10 
1 Ib. 31 100(4) 10 14 86 92 
2 Ibs. 32  100(3) 15 11 100 = 
4 lbs. 41 100 (3) 30 6 96 98 
60 0 87 90 
50% Strobane $ Ib. 27 94 100 (9) 2 5 10 71 78 
1 |b. 94 100 (2) 10 46 92 92 
2 Ibs. 100 15 56 96 98 
4 lbs. 100 30 96 100 (2) 
60 100 
25% Diazinon 1 Ib. 100 4 5 100 
2 Ibs. 100 10 100 
4 lbs. 100 15 100 
8 lbs. 100 30 100 
60 100 
15% Aramite 13 Ibs. 8 70 74 
Check 2 + 10 0 8 46 54 
25% Diazinon 1 02. 6 35 47 
2 oz. $ 20 24 
4 02. 12 36 64 
8 02. 22 =100 
1 Ib. 92 100 (2) 
Check 20 32 56 





1 Figures in parentheses indicate the actual day on which complete mortality was attained. 


for periods of from 5 to 60 minutes, com- 
plete mortality resulted in 5 days after a 
15-minute exposure, but longer exposure 
periods failed to induce complete mor- 
tality during a 10-day period (Table 1). 
These conflicting results indicate that ex- 
posure periods in excess of 1 hour are 
needed to insure complete kill by Com- 
pound 1189. Results of the tests with 
Strobane indicate that it acts more rapidly. 
All flies were killed within 2 days after a 
30-minute exposure to Strobane residues, 
and within 24 hours after a 60-minute 
exposure. Fifteen minutes exposure caused 
96 per cent mortality in 5 days and 98 per 
cent mortality in 10 days. Diazinon killed 
very rapidly, all flies in the test succumb- 
ing during the first day after only 5 
minutes exposure. The mortality rate in 
the check for this series of tests was quite 
high, being considerably greater than that 
in the group of flies exposed to Compound 
1189 for 5 minutes. 

Orcuarp Tests.—The methods used 
for field testing were the same as those em- 
ployed previously. Isolated blocks of 
trees, which were known to be infested by 





apple maggot, were treated with insecti- 
cides, employing a standard high-pressure 
orchard sprayer or a standard orchard 
duster to make the applications. Sprays 
were applied from the ground with guns, 
the entire tree being covered in one opera- 
tion. Dusts were applied from two oppo- 
site sides. Fungicides, usually either wet- 
table sulfur or ferbam, were generally used 
in the first one or two applications but not 
thereafter. Sprays were timed according 
to fly emergence and vary slightly from 
season to season. The second cover spray, 
in late June, is generally the first applica- 
tion of importance to apple maggot con- 
trol but, as in 1952, significant fly emer- 
gence did not occur until the time of the 
third cover spray, in early July. The inter- 
vals between applications varied from 7 
to 8 days for the dust and 10 to 13 days 
for sprays. All fruit from 6 or more trees 
was examined to determine the degree of 
infestation. 

The insecticides tested, dates of appli- 
cation and percentages of the fruit found 
to be infested are given in table 2, to- 
gether with the infestation of the pre- 
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Table 2.—Results of orchard tests for apple maggot control, 1951-1953. 
Fruit EXAMINED PER Res!- 
TEST MATERIALS IN DATE OF —— Cent In- DUE 


No. 100 GALLONS OF SPRAY 


1 25% Q-137 4 lbs. 


2 50% methoxychlor 
2 Ibs. 

3 50% methoxychlor 
2 Ibs. 


$ 25% Q-137 4 lbs. 


5 25% DDT+3% para- 
thion 23 lbs. 


6 25% malathion 2 lbs. 





June 23, 


APPLICATION Variety 
June 26, McIntosh 
July 9, McIntosh 
July 20, McIntosh 
July 30 and McIntosh 
Aug. 9, 1951 McIntosh 
McIntosh 
Total 
Average 


1950 Average (estimated) 


June 26, McIntosh 
July 9, McIntosh 
July 20, McIntosh 
July 30 and McIntosh 
Aug. 9, 1951 McIntosh 
McIntosh 
McIntosh 
Total 
Average 


1950 Average (estimated) 


July 3, McIntosh 
July 14, McIntosh 
July 24, McIntosh 
Aug. 4, McIntosh 


Delicious 
Delicious 
Delicious 


Aug. 14 and 
Sept. 6,!1952 


Total 
Average 
1951 Average (estimated) 


July 7, Wealthy 

July 17, Wealthy 

July 27 and McIntosh 

Aug. 7, 1952 McIntosh 
McIntosh 
McIntosh 

Total 

Average 


1951 Average (estimated) 


McIntosh 


July 7, 
July 17, McIntosh 
July 28 and McIntosh 


McIntosh 
Cortland 
Cortland 
Cortland 


Aug. 7,1 1952 


Total 
Average 
1951 Average (estimated) 


Milton 


July 8, McIntosh 
July 14, McIntosh 
July 24, McIntosh 
Aug. 4 and McIntosh 


Aug. 14, 1952 


Total 
Average 
1951 Average (estimated) 


G. Delicious 


Number 


2 629 
2 430 
3,935 
2,569 
3,097 

731 


15,391 


123 
192 
346 
493 
331 
338 
413 


2 , 236 


982 


1,485 
1,600 
1,851 
1,699 
2,155 


1,133 


10,905 


S44 
785 
1,687 
248 
650 
796 
568 


1,409 
1,365 
638 
2,504 
1,670 
953 


8,539 





FESTED P.P.M. 
5.44 
0.29 
0.36 
0.70 
0.36 


0.27 


37.01 


24.37 6.6 
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1952 Average 


Fruit EXAMINED PER 
DATE OF Cent IN- 
100 GALLONS OF SPRAY APPLICATION Variety Number FESTED 
50% compound 1189 June 23, McIntosh 
July 3, Macoun, 
July 14, Cortland and 
July 24, G. Delicious 
Aug. 4 and 
Aug. 14, 1952 
Total 490 
Average 65.71 
1951 Average 100 
50% Q-137 2 lbs. June 23, McIntosh 1,446 0.76 
July 3, McIntosh 1,551 1.29 
July 13, McIntosh 1,572 1.14 
July 24, Cortland 1,009 1.39 
Aug. $3 and Cortland 1,690 3.02 
Aug. 13, 1953 Cortland 711 1.12 
Total 7,979 
Average 1.45 
1952 Average 43 .64 
47.3% Q-137 emul. June 22, McIntosh 1,849 16.12 
July 1, McIntosh 1,470 17.41 
Jyly 13, McIntosh 2,809 18.97 
July 24, McIntosh 1,849 8.49 
Aug. 3 and McIntosh 3,462 11.73 
Aug. 13, 1953 G. Delicious 856 86.92 
Total 12,295 
Average 26.61 
1952 Average 86.01 
5% Q-137 dust June 24, Delicious 378 8.99 
July 1, Delicious 808 23.39 
July 9, Delicious 451 8.87 
July 17, Delicious 276 13.77 
July 24, Delicious 515 10.68 
July 31, Delicious 464 10.56 
Aug. 10 and Delicious 344 17.44 
Aug. 18, 1953 Delicious 139 8.63 
Delicious 251 3.58 
Delicious 157 8.92 
Delicious 140 5.00 
Delicious 163 9.82 
Delicious 130 19.23 
Delicious 223 9.42 
Total 4,439 
Average 11.31 
1952 Average (estimated) 85+ 
50% dieldrin } lb. June 22, McIntosh and 
July 1, Macoun 391 51.66 
July 13, Cortland 564 76.42 
July 24, G. Delicious 56 50.00 
Aug. 3 and 
Aug. 13, 1953 
Total 1,011 
Average 59.36 
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Fruir ExAMINED Per Resi- 
TEstT MATERIALS IN DATE OF _ — CentIn- DUE 
No. 100 GaLuons or SPRAY APPLICATION Variety Number FESTED P.P.M. 
12 25% CS-708 4 lbs. Jund 22, Duchess 485 0.12 
July 1, Red Astrachan 1,404 0 
July 13, Red Astrachan 1,739 0 
July 24, Early McIntosh 2,058 0.34 
Aug. 3 and Cortland 1,171 1.54 
Aug. 13, 1953 Hubbardston 1,671 5.62 7.57 
Hubbardston 636 3.30 
Total 9,164 
Average 1.56 
1952 Average (estimated) 95+ 





1 Applied by grower to Delicious variety only. 

2 Analyzed for DDT only. 

3 Analyzed for parathion only. 

‘ Blackleaf 253}- Ib. plus 15 per cent parathion 1.6 Ibs. 


5 Determined by General Chemical Division, Allied Chemical & Dye Corporation; all other analyses made by A. W. Avens, Dept. 


of Food Science & Technology, N. Y. State Agr. E xpt. Station. 


6 Determined by Agricultural Chemicals Division, Shell Chemical Corporation. 
7 Determined by Research Department, Commercial Solvents Corporation. 


ceding year. The latter serves as a check 
on the experiment since conventional 
checks are not practical in apple maggot 
control investigations. Tests No. 1, 4 and 
8 employed wettable powder formulations 
of Q-137 at the rate of 1 pound of actual 
toxicant in 100 gallons. Marked reduc- 
tions in fruit infestation resulted. When 
applied in emulsion form at the same rate 
of actual toxicant (Test 9), there was a 
considerable reduction in apple maggot 
infestation but not enough to be of prac- 
tical value. Further tests are needed to 
show whether the lowered efficiency was 
due to the formulation or to local condi- 
tions in the test block. Q-137, as a 5 per 
cent dust (Test 10), did not reduce mag- 
got injury as much as the wettable powder 
spray, but was more effective than the 
emulsion spray. 

Promising results with methoxychlor 
were reported previously (Dean 1951). 
When the test was repeated in 1951 (Test 
2), the control obtained was not satis- 
factory. Under the conditions existing in 
this test block, an application later than 
August 9 was needed to prevent infesta- 
tion by flies migrating from nearby un- 
sprayed trees. Under more favorable con- 
ditions in 1952 (Test 3), satisfactory re- 
duction of injury was obtained. In this 
test, the grower applied 50 per cent meth- 
oxychlor wettable powder 2 pounds in 100 
gallons to the Delicious trees on Septem- 
ber 6. This application probably did not 
affect the results in any way since it was 
not a thorough one and was made to only 
part of the trees in the block. 





The commercial preparation containing 
25 per cent DDT and 8 per cent parathion 
used in Test No. 5 did not reduce apple 
maggot damage under the conditions 
existing in the test orchard in 1952. It is 
probable that the amounts of the insecti- 
cides composing the mixture were insuf- 
ficient to give enough residual protection 
between sprays since both are known to be 
toxic to apple maggot adults. Malathion, 
as employed in Test No. 6, also failed to 
give satisfactory control under rather 
severe conditions of maggot infestation. 
This is also believed to be due to lack of 
residual toxicity. Compound 1189, at 1 
pound of actual toxicant in 100 gallons 
(Test 7), did not reduce fruit infestation 
sufficiently to be of value although toxic- 
ity to the flies was demonstrated in the 
laboratory tests. Likewise dieldrin, which 
has also been shown to be toxic to the 
adults in the laboratory, failed to give 
significant control under field conditions 
(Test 11). In a previous field test with 
this material, applied three times at 
higher concentrations, no control resulted. 
The lower dosages and more frequent ap- 
plications used in Test No. 11 improved 
the results only slightly. 

The final field test, with CS-708, shows 
good control of apple maggot injury. Re- 
sults with another formulation of this 
toxicant were previously reported (Dean 
1951) under the designation CS-645A 
+CS-674A. This material caused severe 
russetting. Such injury was not seen in 
the 1953 test with the new formulation. 
However, in another orchard test employ- 
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ing the same CS-708 formulation, slight 
russetting of McIntosh apples was 
noted. 

SumMARyY.—Residual properties of par- 
athion, DDT, heptachlor, dieldrin and 
lead arsenate were compared in the 
laboratory. On the basis of kill of apple 
maggot flies during the first 24 hours after 
exposure, parathion caused mortality of 
90 per cent or more for 3 days, DDT for 
7 days, heptachlor for 8 days and dieldrin 
for 18 days. Mortalities from lead arsenate 
did not exceed 20 per cent. In laboratory 
tests, the insecticides Compound 1189, 
Strobane and Diazinon were highly toxic 
to the flies. Compound 1189 exhibited the 
slowest toxic action and Diazinon the 
most rapid. Aramite, at a rate equivalent 
to 1.5 pounds of a 15 per cent wettable 
powder in 100 gallons killed a fairly high 
proportion of the flies but was much less 
toxic than the other materials tested in 
the laboratory. 


ScuarFF: Ecotocy or MELANOPLUS MEXICANUS 





485 


In orchard tests, wettable powder for- 
mulations of Q-137, at 1 pound of actual 
toxicant in 100 gallons, reduced heavy in- 
festations of apple maggot to low levels 
when applied from four to six times during 
the season. When applied at the same rate 
in emulsion form, and as a 5 per cent dust, 
Q-137 was less effective. Methoxychlor, 1 
pound actual in 100 gallons, gave only fair 
control in one test but was very effective 
under less adverse conditions. A commer- 
cially prepared mixture containing 25 per 
cent DDT and 8 per cent parathion, used 
at 2} pounds in 100 gallons, failed to con- 
trol apple maggot. Twenty-five per cent 
malathion, at 2 pounds in 100 gallons, was 
not effective enough to be of practical 
value, nor were 50 per cent Compound 
1189 at 2 pounds in 100 gallons or 50 per 
cent dieldrin at } pound in 100 gallons. 
CS-708 gave good control when used at 
4 pounds of a 25 per cent wettable powder 
in 100 gallons. 
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The Role of Food Plants and Weather in the Ecology of 
Melanoplus mexicanus mexicanus (Sauss.)! 


Donatp K. Scuarrr, Montana Agricultural Experiment Station, Bozeman 


The lesser migratory grasshopper, Me- 
lanoplus mexicanus, is one of the most 
widely distributed and most destructive 
grasshopper species in North America. 
Every few years serious outbreaks occur 
and heavy damage to crops and range 
lands results. Up to the present time no 
satisfactory method of predicting these 
outbreaks, or of destroying them in the 
incipient stages, has been developed. This 
is due, at least in part, to the fact that 
through the years the following two im- 
pressions, which are not entirely correct, 
have become generally accepted as facts: 


1. Melanoplus mexicanus, and North 
American grasshoppers in general, 
will devour (and thrive on) almost 
any food plant that may be avail- 
able. 


2. Outbreaks of Melanoplus mexicanus 
(and other grasshopper species) oc- 
cur during or immediately following 
droughts, and low populations occur 
when weather conditions are more 
humid. M. mexicanus has become, 
in the minds of many, the direct 
pawn of the current weather con- 
ditions. 


The first of these impressions has been 
disproved to a large extent in recent years 
through laboratory experiment and field 
observation; the second will quickly lose 
credence in the mind of anyone who crit- 
ically attempts to correlate population 
fluctuations directly with any available 


1 Contribution from Montana State College, Agricultural Ex- 
— Station. Project No. MS 38, Paper No. 319 Journal 
ries, 
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weather records. The object of the present 
discussion is to emphasize the recently dis- 
covered evidence that Melanoplus mezxi- 
canus, when the habitat permits, generally 
chooses plants favorable to its growth and 
vitality; that, although it may devour 
other species of plants in the absence of 
its favorites, it does not necessarily thrive 
on them; and, further, to show how sea- 
sonal and year to year variations in the 
general food plant complex may be much 
more important determinants in the build- 
up or decrease of M. mexicanus popu- 
lations than weather conditions per se. 

Various workers have demonstrated 
that, when given a choice, Melanoplus 
mexicanus exhibits marked preferences 
for certain species and varieties of plants. 
In field plot tests, in Canada, Jacobson 
& Farstad (1941) and McBean & Platt 
(1951) record significant differences in the 
amount of damage sustained by different 
wheat and barley varieties in the presence 
of damaging M. mexicanus populations. 
Skoog (1941) reports on food plant ob- 
servations made in Montana during the 
1939 and 1940 seasons. He presents the 
following list of native food plants utilized 
by M. mexicanus, arranged in the order of 
preference. 


PREFERRED PLANTS: 

Russian thistle, only while small sprouts (Salsola 
pestifer) 

Tansy mustard (Sophia sophia) 
Fanweed (Thalaspi arvense) 
Shepherd’s purse (Capsella bursa-pastoris) 
Pepper grass (Lepidium sp.) 
Blue grass (Poa secunda) 
Rabbitbrush, while young (Chrysothamnus sp.) 
Western wheatgrass (Agropyron smithit) 
Needlegrass (Stipa comata) 

PLANts EATEN IN ABSENCE OF PREFERRED PLANTS: 
Russian thistle (Salsola pestifer) 
Caragana, elm and rosebush leaves 
Sagebrush (Artemisia tridentata) 
Buckbrush (Symphoricar pos) 
Cactus (Opuntia engelmanii) 
Blue grama grass heads (Bouteloua gracilis) 
Nigger-wool (Carex) 

Puiants Rarety Eaten To Any EXTENT: 
Rabbit-ear mustard (Conringia sp.) 
Blue grama grass foliage (Bouteloua gracilis) 
Pigeon grass (Setaria viridis) 
Squirreltail grass (Sitanion hystriz) 
Pigweed (Chenopodium sp.) 
Canada fleabane (Erigeron canadensis) 
Tumbleweed (Amaranthus graecizans) 


The writer in 1953 observed the food 
habits of Melanoplus mexicanus in Mon- 
tana in an old cultivated field, abandoned 
to nature and heavy grazing of livestock 


JOURNAL OF EconoMic ENTOMOLOGY 


Vol. 47, No. 3 


some 30 years ago. The vegetation con- 
sisted principally of the following: 
Bluestem wheatgrass (Agropyron smithii) 
Fringed sagebrush (Artemisia frigida) 
Cheatgrass (Bromus tectorum) 
Sandberg bluegrass (Poa secunda) 
Slimflower scurfpea (Psoralea tenuiflora) 
Prairie thermopsis (Thermopsis rhombifolia) 
Needleleaf sedge (Carex eleocharis) 


A considerable variety of other forbs and 
grasses was present in lesser numbers. 
During the first part of the season an out- 
standing preference was shown by all 
nymphal instars for the green succulent 
cheatgrass. Later, however, with the dry- 
ing and maturing of most of the vegeta- 
tion, the adults and remaining nymphs 
were observed to feed principally upon un- 
identifiable dry plant debris on the 
ground. Eating habits, too, changed from 
a hearty, more or less greedy type of 
feeding to a more restless, browsing, 
nibbling sort of reaction, as if perhaps the 
food were no longer as satisfying as it had 
been earlier in the season. Whether or not 
the food available in 1953 in this habitat 
was favorable to the increase of Melano- 
plus mexicanus has not been determined. 

Shotwell (1930), Hebard (1938), Pfadt 
(1949), and Barnes & Nerney (1953)? in- 
dicate that alfalfa ranks high in the food 
preference list of Melanoplus mexicanus. 
Smith et al. (1952), Brett (1947), and 
Barnes & Nerney (1953), however, pre- 
sent evidence to show that, under labora- 
tory conditions in Canada, Oklahoma, and 
Arizona, alfalfa is a food that is not con- 
ducive to the optimum growth and repro- 
duction of this species. Pfadt (1949) con- 
cludes that alfalfa is a poor food if all 
stages of the grasshopper are confined to 
it, but is a fairly adequate food for the 
second or later stages. Pfadt’s (1949) data 
show that dandelion, wheat, tansy mus- 
tard (Descurainia sophia), and cheatgrass 
are probably favorable food plants, that 
alfalfa is somewhat questionable, and that 
Russian thistle (Salsola kali), Kentucky 
bluegrass (Poa pratensis), and bluestem 
wheatgrass are unfavorable food plants. 
In further tests he lists the following in 
order of preference: dandelion, wheat, al- 
falfa, Kentucky bluegrass, sunflower 
(Helianthus petiolaris), tumblemustard 
(Sisymbrium altissimum), fringed sage- 


2 Barnes, O. L., and N. J. Nerney. 1953. Biology and Ecology 
of Grasshoppers. U.S. Dept. of Agr., Bur. Ent. and Plant. Quar. 
Unpublished reports, 
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brush, thistle (Cirsium plattense), blue- 
stem wheatgrass, needle and_ thread 
(Stipa comata), threadleaf sedge (Carex 
filifolia), blue grama (Bouteloua gracilis), 
and lamb’s quarters (Chenopodium al- 
bum). Note that alfalfa and Kentucky 
bluegrass, though high on the preference 
list, are low on the favorability scale. 
Otherwise his data show a positive corre- 
lation between preference and favora- 
bility. 

Barnes & Nerney (1953) present data 
which show that winter mustard (Sisym- 
brium trio) and Johnson grass (Sorghum 
halepense), commonly found in Arizona 
alfalfa fields, are favorable foods for the 
vitality and increase of Melanoplus mexi- 
canus; that nettleleaf goosefoot (Cheno- 
podium murale) is moderately favorable; 
and that alfalfa and Bermuda grass 
(Cynodon dactylon) are unfavorable. With 
these five species of plants all available to 
the grasshoppers, the order of preference 
appeared to be winter mustard, alfalfa, 
Johnson grass, nettleleaf goosefoot, and 
Bermuda grass. Smith et al. (1952), in 
tests of nine food plants, list them as fol- 
lows in order of favorability as foods for 
M. mexicanus: wheat, barley, dandelion, 
brome grass, flax, oats, sweet clover, 
Russian thistle, and alfalfa. No choice 
was offered the grasshoppers in these 
tests. Anderson & Wright (1952) observed 
the food habits of M. mexicanus during 
the seasons of 1949 and 1950 in a Montana 
plains grassland habitat. They report 
feeding on a great variety of forbs and 
grasses, but were unable to note any par- 
ticular specific food plant preferences. 
During these two seasons it should be 
noted that populations of this grasshopper 
declined at least 85 per cent in the area 
under observation. It is postulated by the 
writer that although Anderson and Wright 
observed M. mexicanus feeding upon at 
least 75 species of plants, the favorable 
ones were not present in sufficient num- 
bers or in a desirable state of growth or 
maturity; consequently, no food prefer- 
ences were shown, and the population de- 
clined. 

On the basis of the evidence presented 
above, the conclusion naturally follows 
that certain food plants are much more 
favorable to the vitality and increase of 
Melanoplus mexicanus than are others, 
and that, with the exception of alfalfa, 
this favorability seems reasonably well 
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reflected by the food preferences so far 
observed for this species. Further critical 
study in other portions of the tremendous 
range of M. mexicanus will undoubtedly 
disclose other favorable food plant species. 
Likewise, it is anticipated that various de- 
grees of nutritional favorability will be 
more firmly established for the various 
plants, ranging from optimum down to 
submarginal. Further, future research in 
the field will recognize the important pos- 
sibility that various degrees of preference 
for different foods may not necessarily 
always indicate a corresponding favora- 
bility of those foods for the growth and 
reproduction of the grasshopper. 

The plants that have so far been re- 
ported as favorable for Melanoplus mezxi- 
canus fall for the most part into two 
general groups: small grain crops; and 
quick-growing, succulent, aggressive 
weeds, most of them annuals, capable of 
abundant and widespread growth when 
environmental conditions permit. In the 
small grain habitats, ordinary good tillage 
practices tend to offer so much competi- 
tion to the egg stage of grasshoppers that 
these habitats need not be considered 
generally as primary sources of M. mezi- 
canus infestation, although they are sub- 
ject to serious invasion from other sources 
and may maintain relatively high popula- 
tions for some time after being invaded. 
It is now postulated that the second group 
of favorable plants, the annual weeds, oc- 
curring on unfarmed habitats, is the 
major source of outbreaks of this species of 
grasshopper. Until recent years the aver- 
age entomologist had little knowledge of 
the ecology of this type of vegetation. 
Plant ecologists, however, have a con- 
siderable store of information on the inter- 
mittent occurrence of “outbreaks” of 
these weeds. Let us note a few examples: 

1. Talbot et al. (1939) on the annual 
vegetation of California: “The annual- 
plant cover is unstable and variable to a 
surprising degree. Percentages of indi- 
vidual species move back and forth along 
the scale of relative abundance, from year 
to year. The amount of vegetation pro- 
duced annually and the dates of greening 
and of drying likewise vary. Pronounced 
changes in aspect occur, both from season 
to season and during a given season.” 

2. Weaver & Albertson (1940) on 
drought damage to Midwestern range 
lands: ‘“The bare soil during periods with 











488 JOURNAL OF Economic ENTOMOLOGY 


moisture is populated with annual weeds, 
chief of which is Russian thistle. In many 
places it is only with difficulty that one 
can distinguish denuded pastures from 
weedy, tilled land.” 

3. Ramaley (1939) on sand-hill vegeta- 
tion in northeastern Colorado: “A flora 
which approaches the mesophytic stage 
must have, for permanence, a greater 
rainfall than the plains of Colorado enjoy. 
Even deficiencies for single seasons are 
likely to impose difficulties which result 
in a decrease of individuals of certain 
species; such reduction of abundance may 
be or may not be balanced by increases 
of other species. In any event, the com- 
position and appearance of a given area 
cannot and does not remain identical from 
year to year.” 

4. Sarvis (1941) on the Northern Great 
Plains flora: “It is an unusual season when 
some one species does not appear more 
conspicuous than the others or is out- 
standing. ... Following the drought of 
1934 many mustards appeared over the 
prairie. The most notable of these was 
peppergrass (Lepidium — densiflorum 
Schrad.) . . . It was abundant clear across 
the northern Plains. ...In the fall (of 
1937) Russian thistles (Salsola pestifer A. 
Nels.) appeared in bunches over the 
prairies and entirely covered the ground 
over extensive areas. Such a condition was 
never known before according to available 
information.” 

5. Craddock & Forsling (1938) on 
spring-fall sheep range in southern Idaho: 
“The annual fluctuations in weather re- 
sulted in important changes in the amount 
of forage produced....The start of 
forage growth in the spring varied from as 
early as March 20 to as late as April 24, or 
a range of 36 days, largely as the result of 
fluctuations in the time at which tempera- 
tures rose to levels favorable to plant 
growth.” 

6. Whitman et al. (1943) on North 
Dakota range lands: “The annual forbs 
showed wide fluctuations in abundance, 
being scarce during the drought seasons 
and very abundant in the years immedi- 
ately following. The greatest abundance 
occurred in the year with the most favor- 
able moisture conditions. ... ” 

7. Costello & Turner (1944) on short 
grass ranges of the central Great Plains: 
“On any short-grass range, regardless of 
whether its prevailing condition is excel- 
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lent, good, fair, or poor, forage production 
varies considerably from year to year. 
... The differences are primarily due to 
fluctuations in annual weather conditions, 
especially in the amount and distribution 
of spring and early summer rainfall. 
Heavy rainfall, especially if not well dis- 
tributed through the growing season, does 
not necessarily result in high forage pro- 
duction.” 

Melanoplus mexicanus is known to favor 
habitats (Criddle 1921, Fletcher 1902, 
Shotwell 1930, Hebard 1937, and others) 
in which large populations of annual 
weeds are likely to be found (old aban- 
doned fields, range lands in poor condi- 
tion, ete.). Likewise, populations of this 
grasshopper are known to fluctuate in a 
manner similar to that described for cer- 
tain of its food plants. However, since 
entomologists have not generally recog- 
nized that the species may be depending 
upon a few species of rather erratically oc- 
curring weeds for its optimum develop- 
ment and survival, research has not been 
directed to any extent toward establishing 
a connection between the grasshopper and 
its available food. Instead, weather and 
its direct effects upon the grasshopper 
have been the major items of ecological 
research, a great deal of it disappointingly 
unfruitful. 

If, as the evidence indicates, Melanoplus 
mexicanus does prove to be dependent for 
its optimum needs upon a limited number 
of food plants in any particular area, then 
we shall have a much sounder basis on 
which to predict increases or reductions 
in numbers of the species. Parker (1939) 
says, “Outbreaks are ordinarily preceded 
by several years of gradual increase in 
grasshopper numbers followed by a year 
that is unusually favorable.” In other 
words, according to the present interpre- 
tation, any grasshopper population is the 
direct product of the food plants that have 
been present during the current and recent 
seasons, and the indirect product of the 
weather which caused those food plants to 
be there in their current condition. Thus, 
a thorough’ knowledge of the condition 
and abundance of the principal food 
plants throughout any season, and their 
effect on the current population, will serve 
as an index for the more accurate predic- 
tion of the potential population that may 
be expected the following season. Ecolo- 
gists working on the problem will not ig- 
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nore the known direct effects of weather with a much more complete understand- 
upon grasshoppers, but will combine them _ ing of the ecology of M. mezxicanus than is 
with the food plant effects and emerge available at the present time. 
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Reduction of Pea Virus Spread by Insecticide Applications! 


K. G. Swenson, A. C. Davis and W. T. Scuroreper, New York State 





Agricultural Experiment Station, Geneva 


The virus diseases of pea are among the 
plant virus diseases for which little con- 
trol has been possible. The pea aphid, 
Macrosiphum pisi (Kalt.), is the most im- 
portant vector of pea viruses and, possi- 
bly, the only important vector of these 
viruses. It winters on alfalfa and clover 
and migrates to peas in the spring and 
summer. Viruses which cause diseases of 
peas also winter in alfalfa and clover and 
are carried from these to peas by the 
iosilinn aphids. The pea aphid popula- 
tions developing in the peas are responsi- 
ble for secondary spread within the fields. 

Reports, such as that of Ripper et al. 
(1950), prompted a consideration of the 
possibilities of reducing pea virus disease 
incidence through control of the pea 
aphid. Tests in 1951 using demeton in 
seed, soil and foliage applications gave 
some control of pea virus spread and in- 
dicated more appropriate dosages for 
further experiments. The work reported 
herein is concerned with further investiga- 
tions on the problem of using insecticides 
to curtail the spread of pea viruses by the 
pea aphid. 

Meruops.—In 1952, Dwarf Telephone 
peas were planted on May 31. Six treat- 
ments and a check were included and the 
plots arranged in a 7X7 Latin square. 
Each plot consisted of 3 rows 20 feet long 
with 18 inches between rows within the 
plot and 3 feet between plots. 

The insecticides used were parathion 
and demeton. The parathion formulation 
was an emulsifiable concentrate contain- 
ing 25 per cent 0,0-diethyl 0-p-nitro- 
phenyl thiophosphate. The demeton for- 
mulation was an emulsifiable concentrate 
containing 42 per cent 0,0-diethyl-0-2 
(ethylmercapto)-ethyl thiophosphate. 
The rates and application schedules are 
given in table 1. The foliage applications 
were made with a spray machine rigged on 
a garden tractor and were applied in 23 
gallons of water per acre. The soil applica- 
tions were made with the same equipment 
by spraying the insecticidal solution on 
the ground and then raking it in. In mak- 
ing the virus disease counts all the plants 
in each plot were counted and categorized. 

Little information is available concern- 


490 


ing the identification of the virus diseases 
of pea in New York. Pea enation mosaic 
was the only one which could be identified 
with certainty in these tests. Although the 
other viruses were generally manifested by 
definite symptom types, these are not 
listed separately. There are two reasons 
for this. First, characterization of a pes 
virus disease by a symptom type, e.g. 
“streak,” is not necessarily definitive. 
Hagedorn & Walker (1949) name six 
viruses which cause streak symptoms in 
peas. These six viruses differ widely in 
host range and vectors. A second reason 
for the grouping together of virus diseases 
other than enation mosaic was that, to the 
extent that the insect transmission of pea 
viruses is understood, pea enation mosaic 
virus appears to be transmitted by aphids 
in a manner different from the transmis- 
sion of other pea viruses. It belongs to the 
group of viruses designated as “‘persist- 
ent” by Watson & Roberts (1939) on the 
basis of insect vector relationships 
(Chaudhuri 1950). Pea enation mosaic 
was found in the experimental plots with 
greater frequency than any other virus 
disease. 

In 1953, Bonneville peas were planted 
with a grain drill in rows 7 inches apart 
on three dates. The three plantings were 
adjacent. Each planting consisted of eight 
plots 40X60 feet. The plots were sepa- 
rated by swaths 3 feet wide. A paired plot 
system was used, the pairs consisting of an 
untreated check and a three-application 
parathion schedule. The parathion was 
applied with a_tractor-mounted, low- 
volume, low-pressure sprayer and each 
application consisted of 1 pint of 25 per 
cent emulsifiable concentrate applied 1 
19 gallons of water per acre. The asic 
schedules are given in table 2. At the time 
of each application, the tractor was also 
run through the untreated plots to equal- 
ize equipment damage for purposes of 
taking yields. 

Samples for estimating virus disease in- 
cidence were obtained by using a 3-X3- 
foot frame. All the plants enclosed by the 


1 Journal Paper No. 956, New York State Agricultural Ex- 
periment Station, Geneva, N. Y., December 10, 1953. 














th 
WI 


pe 
Tl 
be 
pl. 
to! 
sp’ 
dis 
ce) 


tio 


Pra 





l- 
= 
le 











June 1954 


SWENSON E£T AL.: INsSEcTICIDES RepucE PEA Virus SPREAD 





Table 1.—Insecticide treatments to reduce pea virus spread in peas.' Geneva, N. Y. 








Per Cent Virvus*® Per CENT 














APPLICATION Virus 
TREATMENT AMOUNT? DATES Enation Total REDUCTION 
None a -- 36 53 a 
Demeton, seed 4 — 25 40 25 
Demeton, soil 0.5 May 31 20 31 42 
Demeton, foliage 0.5 June 16, 25 16 20 62 
July 8 
Demeton, foliage 0.5 June 25 21 30 43 
Parathion, foliage 0.25 June 16, 25 12 24 55 
July 8 
Parathion, foliage 0.25 June 16, July 8 22 35 46 
L.S.D. (19:1) Y 8 15 
(99:1) 9 11 2] 





1 Dwarf Telephone variety planted May 31, 1952. 

? Active ingredient per acre in pounds. 

3 Each figure is the mean of seven plots. 

4 Two-thirds ounce per bushel of seed. 
frame were pulled and the number of 
diseased and healthy plants recorded. 
These records were taken 1 to 3 days be- 
fore harvest. Four such samples were 
taken from each plot. Standard pea har- 
vesting equipment was used in obtaining 
yield data. 

Resutts.—In 1952, considerable reduc- 
tion of virus disease incidence was ob- 
tained with demeton applied to the soil at 
the rate of 0.5 pound per acre. The use of 
three parathion foliage sprays compared 
favorably with three demeton foliage 
sprays (Table 1). It is doubtful that three 
parathion sprays would compare thus 
favorably to three demeton sprays for pez 
virus control under all conditions. How- 
ever, because of the encouraging results 
with parathion and because the use of 
demeton on food crops was not imminent, 
the 1953 experiments were carried out 
with parathion. 

The virus disease incidence in the ex- 
perimental plots was not high in 1953. 
Three parathion sprays reduced the num- 
ber of virus-infected plants in all three 
plantings (Table 3). The differences in 
total virus disease incidence between the 
sprayed and unsprayed plots were very 
distinet. In each planting, the total per 
cent virus disease in the unsprayed plot 


Table 2.—Dates of parathion spray applica- 
tions and cultural operations. 1953. 








Date 
Pranting Date Har- 
No. PLANTED DATES OF SPRAYING VESTED 


I April21 May 29 June 8 June 19 July 3 
II May 11 June 8 June 19 June 29 July 13 
Il May 22 June 8 June 19 June 29 July 17 





having the lowest incidence always ex- 
ceeded the total per cent in the sprayed 
plot having the highest incidence. In all of 
the 12 pairs of plots, the total per cent 
virus-diseased plants in the unsprayed 
plot of the pair always exceeded that of 
the sprayed plot. The pattern of differ- 
ences for the incidence of enation mosaic 
was about the same as for the total per 
cent except in the first planting. In the 
first planting, the incidence of enation 
mosaic was extremely low and there was 
no reduction due to spraying. 

Where pea fields are severely infected 
with viruses, the effect on yield is quite 
obvious. However, in lighter infestations 
this effect is not so well defined. In table 3, 
the mean difference in virus disease inci- 
dence between sprayed and unsprayed 
plots can be compared with the mean dif- 
ference in yield per plot in each planting. 
The pea aphid populations were very low 
and could not have caused direct injury 
by feeding. Thrips and plant bugs occa- 
sionally become abundant in peas, but 
these insects were not a factor here. Thus 
it seems safe to assume that the increased 
yields in the sprayed plots were due to 
reduced virus disease incidence. 

Table 4 presents the amount of disease 
reduction in each of the three plantings 
compared to the increased yields con- 
verted to an acre basis. Calculations of 
the value increases are based on prices 
paid for peas in western New York in the 
1953 season. Since the price of peas de- 
pends on quality, as judged by tenderome- 
ter measurements (Martin 1937), the in- 
crease in value between the three plant- 
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Table 3.—Effect of parathion sprays on virus incidence and yield of Bonneville peas. Geneva, N. Y. 























1953. 
Per Cent Virus 
ae - Wa YIELD 
PLANTING Piotr Enation mosaic Total (Pounds per Plot) 
NUMBER PAIR Snr ma 
AND DaTE No. Sprayed Check Sprayed Check Sprayed Check 
I l 2.0 1.9 2.8 14.6 151 138 
April 21 2 0.6 0.6 3.6 10.0 146 146 
$ 7 0.0 3.9 15.6 156 142 
4 0.0 g.1 2.5 13.9 146 151 
Mean oa 3.2 13.5 150 144 
Mean Dif. 0.1 10.3 6 
I] ] 5.9 11.6 9.1 20.3 102 92 
May 11 4 2.2 8.9 5.0 20.2 124 97 
3 4.4 8.3 9.4 29.0 100 92 
4 2.7 20.6 10.2 37.3 102 74 
Mean 3.8 12.4 8.4 29.0 107 89 
Mean Dif. 8.6 20.6 18 
Ill ] 2.5 14.4 S.7 27.3 94 84 
May 22 2 27 7.0 7.8 16.8 118 100 
3 8.0 10.9 11.8 18.7 79 85 
t 3.0 9.4 13.1 24.8 82 65 
Mean 4.0 10.4 10.4 21.9 93 83 
Mean Dif. 6.4 11.5 10 





ings is not directly proportional to in- 
crease in yield. As the tenderometer read- 
ing rises, the unit value of peas decreases 
(see Sayre et al. 1953). The tenderometer 
reading of the peas in Planting I was 89; 
in Planting IT, that of the sprayed plots 
was 110 and that of the unsprayed plots 
was 116; and in Planting III the ten- 
derometer value was 80. Although three 
parathion sprays were applied to the peas, 
the cost of only two needs to be offset by 
increased yields due to virus disease re- 
duction, since the third spray would have 
to have been applied for pea weevil con- 
trol anyway. Table 4 gives the ratio of 
gain to the cost of two parathion applica- 
tions. Thus, in Planting IT, the increased 
value due to spraying was 2.7 times the 
cost of two parathion applications. 
Tenderometer measurements were 
made from each plot in Planting II. The 
readings from the four sprayed plots were 
102, 107.5, 107 and 125; those from the 
unsprayed plots were 115, 110.5, 120.5 and 
120.5, respectively. In view of the limited 
amount of data, it is not possible to evalu- 
ate the significance of these differences be- 
tween sprayed and unsprayed plots. How- 
ever, this is an aspect of the possible ef- 
fect of virus disease reduction which 
should receive further consideration. 
Virus-diseased plants are likely to produce 


fewer filled pods than healthy plants, and 
these peas would be mature before the 
peas on the healthy plants in the same 
field. Furthermore, the proportion of 
younger peas on diseased plants is likely 
to be much smaller than on _ healthy 
plants. It is thus possible that, in some 
instances, the diseased plants might del- 
eteriously alter the quality, as judged by 
tenderometer readings, of the yield as a 
whole. 

Discusston.—When contemplating the 
reduction of pea virus spread by aphid 
control, certain general considerations 
would seem to apply. Infective aphids 
migrating from alfalfa and clover carry 
viruses to pea fields, thus establishing pri- 
mary infections. Further spread within 
the field is due to the aphid populations 
developing therein. Secondary spread may 
also be due to non-infective aphids mi- 


Table 4.—Relation of virus reduction to in- 
creased yield in three plantings of peas. Geneva, 
N. Y., 1953. 





Ratio oF 





Yieip (Pounps 





Per Cent Virus PER AcRE) GAIN TO 
— —— - —__——_— ADDED 
Un- Un- Cost oF 
PLANTING Sprayed sprayed Sprayed sprayed  SprayinG 
I 3.2 13.5 2700 2592 0.7:1 
II 8.4 29.0 1926 1602 2.7:1 
lil 10.4 21.9 1674 1494 1.2:1 
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grating from alfalfa and clover, which ac- 
quire virus from infected plants already 
in the field and transmit it to healthy 
plants. The relative importance of each of 
these sources of virus spread is difficult to 
assess but, if a large proportion of the 
spread is due to the aphid population de- 
veloping in the field, insecticide applica- 
tions designed to keep down the aphid 
population should result in reduction of 
virus spread. Since an aphid can inoculate 
a plant with a virus in such a very short 
time, it is unlikely that virus infections 
due to infective migrating aphids arriving 
in the field can be prevented on an eco- 
nomic basis with present insecticides. It is 
also unlikely that virus spread can be ap- 
preciably controlled where migrating 
aphids acquire a non-persistent type 
virus in the pea field and transmit it to 
other plants. Viruses designated as ‘‘non- 
persistent” on the basis of the manner in 
which they are transmitted by insects 
(Watson & Roberts 1939) require no in- 
cubation period in the insect vector, are 
retained for a few hours or less and can be 
acquired and transmitted in very short 
feeding periods, less than a minute 
(Sylvester 1949). The problem of reducing 
pea virus spread by control of the pea 
aphid will probably vary in different areas 
depending on the pattern and intensity of 
the pea aphid migrations from forage 
legumes to pea and on the subsequent 
population development in pea. 

The number of parathion applications 
should be such as to give the greatest 
margin between increased value of yield 
and cost of insecticide applications. In 
western New York, this would probably 
indicate two or three applications. Al- 
though many fields in this area become 
severely infested, there are also many 
which have a low virus disease incidence 
Since the extent of virus infestations can- 
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not be known in advance, all fields may 
have to be treated and the gain accrued in 
heavy infestations used to partially offset 
the cost of treatment in light infestations. 
It may be that the largest group of light 
infestations can be eliminated by omitting 
the treating of the earliest planted fields. 
Although severe virus infestations may 
occur in early plantings, the frequency ap- 
pears to be lower, in general, than in later 
plantings. Where the virus disease inci- 
dence reaches 100 per cent, there are very 
likely to be situations where parathion ap- 
plications will not provide worthwhile 
control. 

SuMMARY.—Pea virus disease incidence 
in small plots was reduced by using deme- 
ton and parathion foliage sprays to con- 
trol the pea aphid from 53 per cent in un- 
treated plots to 24 per cent in plots re- 
ceiving three parathion sprays. 

Parathion was used on large plots that 
were harvested by commercial processes. 
In three plantings three parathion sprays 
reduced the relatively low virus disease in- 
cidence from 13.5 to 3.2 per cent, from 
29.0 to 8.4 per cent and from 21.9 to 10.4 
per cent. 

Yield records were taken in order to 
evaluate the economic significance of the 
disease reductions. It appears that in 
some cases a reduction of as little as 11.5 
per cent is of economic significance in that 
the gain is more than sufficient to pay for 
the cost of parathion applications. Where 
the reduction reached 20 per cent, there 
was a very definite economic gain re- 
su'ting from the value of the increased 
yield. 

It is believed that further experiments 
are warranted in western New York, as 
well as other areas, with the objective of 
possibly introducing the practice of apply- 
ing insecticides to reduce virus spread in 
peas. 
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Control of Onion Maggot on Seed Sets in the 
Connecticut Valley 





A. H. Toziosx1, University of Massachusetts, Amherst 


The onion maggot, Hylemya antiqua 
(Meig.) is considered a serious pest in the 
culture of onion seed sets in the Connecti- 
cut Valley. In the past it has been one of 
the causes of serious losses suffered by 
farmers growing this crop. The infesta- 
tions of this insect cannot be predicted 
from year to year. It may cause tremen- 
dous damage one year and during the fol- 
lowing season the infestation may be 
hardly noticeable. Generally, very little 
control practice has been carried on be- 
cause the infestations are so unpredicta- 
ble and older methods entailed considera- 
ble labor and expense. With the advent of 
newer residual insecticides, control of the 
onion maggot appears to be within the 
reach of every farmer. 

The term ‘“‘seed set” is applied to 
those onions grown from seed which are 
to be planted as sets the following year. 
The seed to produce seed sets is sown at 
the rate of 40 to 60 pounds per acre in 
rows 2 to 3 inches in width. This heavy 
seeding produces a very dense stand of 
onions which is particularly susceptible 
to maggot damage. 

The onion maggot attacks seed sets 
just as it does other types of onions. Eggs 
are laid around the stems of the plant or 
in cracks of the soil in close proximity to 
the onions. When the eggs hatch the lar- 
vae crawl to a stem and then follow the 
stem underground to the roots. Here they 
may destroy some of the roots or enter 
the onion itself through the root crown. 
In the case of seed sets one larva may 
destroy several young seedlings succes- 
sively. Adult flies lay their eggs in groups, 
thus making possible the destruction of 
large sections of a row. Thirty to 50 per 
cent loss has been not uncommon. Poor 
quality seed sets are produced by the thin- 
ning effect of the larvae. Such thinned 
onions tend to grow too rapidly and pro- 
duce large sets which will form flower 
stalks when planted the following year. 
This type of onion is virtually worthless. 
During the summers of 1951 and 1952 
heavy losses caused by the onion maggot 
occurred throughout the Connecticut Val- 
ley growing areas. In contrast, the sum- 
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mer of 1953 proved to be a rather light 
maggot season. 

The onion maggot has been destructive 
to onions in the United States for many 
years. Howard (1918), was among the 
first workers to start investigations on the 
control. His attempts to control the insect 
consisted primarily of introducing poison- 
ous baits, made up of sodium arsenite, 
molasses, and onion slices, into the onion 
fields. This practice was not effective. 
Later, Eyer (1922), also using sodium 
arsenite, molasses and chopped onions, 
found that 24 bait cans containing these 
ingredients per acre, gave good control. 
He also recommended to the gardeners, a 
spray consisting of crude carbolic acid 
and soap emulsified in water. Flint & 
Compton (1925) devised other methods 
for control. They reported that both a 
corrosive sublimate (HgCl, 1 0z./10 gal. 
H,O) solution, and a bordeaux oil emul- 
sion showed some potential possibilities 
for the control of this pest. 

Glasgow (1929) observed the fact that 
mercurous chloride (calomel) was _ less 
toxic to plants than mercuric chloride, 
and gave excellent control. Pepper & 
Nissley (1937) and Wright (1939) recom- 
mended the use of calomel which appar- 
ently gave good control in all their tests. 
Dustan (1937) found that using 1 to 1} 
pounds of calomel per pound of seed, in- 
jury was reduced to 5.7 per cent, as com- 
pared to 22 per cent injury in the checks. 
Matthewman et al. (1941) in investigations 
on the timing of applications for the con- 
trol of onion maggot, noted that the 
recommended seed treatment of 1 to 1} 
pounds of calomel per pound of seed would 
give better control if supplemented by 
either mercuric chloride solution or 4 per 
cent calomel dust later in the season. 

Not until 1946 were the new organic 
insecticides applied for onion maggot con- 
trol. McLeod (1946), ran extensive tests 
and found that calomel gave very good 
control and that both DDT and BHC 
appeared very promising for the control 
of this maggot. He criticized the use of 
calomel as being too costly. Munro (1947), 
in North Dakota obtained 90 per cent 
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control of the maggot by means of spray- 
ing onions with 1 ounce of 25 per cent 
DDT per gallon of water. Maan (1947), 
using DDT in the powder form as a seed 
treatment, at the rate of 40 grams per 100 
grams of seed, obtained better results than 
with calomel. Lange et al. (1951), working 
on the control of the seed corn maggot in 
northern California, suggested that 1 
ounce of 25 per cent formulation of lin- 
dane per 100 pounds of large lima bean 
seeds together with an adequate fungi- 
cide, can be used in commercial field 
treatments. They also obtained informa- 
tion indicating that dieldrin, aldrin, and 
chlordane offer possibilities for control as 
seed treatments. 

Three types of treatment were applied 
for the control of onion maggot in these 
investigations. The first was spraying. In 
this method the residual insecticide is 
deposited against adults as they come into 
the field for oviposition and larvae as they 
emerge from any eggs that have been 
deposited. The second method is called 
the dry seed treatment. This merely indi- 
cates that the seed and insecticide are 
mixed together in the absence of a sticker. 
The end result is an equally dispersed 
mixture of seed and insecticide. The third 
method has been called pelleting of seed. 
This process involves the wetting of the 
seed with the methyl cellulose sticker in 
order that the insecticide adhere to the 
seed and form pellets. 

ProcepURE.—The areas used for ex- 
perimentally testing these methods were 
made available by farmers in the town of 
Sunderland, Massachusetts during the 
summers of 1952 and 1953. The soils of 
the onion growing areas of the Connecti- 
cut Valley are typically a fine mineral 
loam. They are well drained and fairly 
retentive of moisture. These fields were 
arranged into plots during planting, and all 
tests were replicated at least three times. 

The method for evaluating the amount 
of damage produced by the maggots in 
seed sets was an indirect one. Since seed 
sets are sown thickly, it was decided to 
simplify the counting by using the num- 
ber of inches of onions destroyed per 50 
feet of row. These evaluations were made 
about 1 week prior to harvest of the crop. 
The damage recorded was that produced 
by the larvae throughout the growing sea- 
son, 

Sprayine.—The possibility of control 
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using a spray treatment was based on the 
hypothesis that the residue left on the 
plants and soil would kill the adults as 
they arrived in the fields to oviposit, and 
the larvae as they emerged from the eggs. 
The habits of this insect are such that 
control in this manner appeared possible. 
As the adults arrive in the field to oviposit 
they are quite active among the plants 
and readily come into contact with resid- 
ual insecticides. Adults lay their eggs on 
the stems of onions or in cracks of the soil 
in close proximity to plants. When the 
eggs hatch the larvae emerge and seek an 
onion stem and crawl down toward the 
roots. Once there, they may feed on roots 
or they may enter the onion bulb through 
the root crown. 

At the time of planting the rows of seed 
sets were spaced to allow a power sprayer 
drawn and powered by a tractor to pass 
through the field. The sprayer used in 
these tests was a conventional ‘Field 
Force” 6-row potato sprayer. It was 
equipped with an 18-nozzle boom which 
was slightly modified to produce an even 
spray covering 12 rows. Each 12 rows was 
considered a plot. Four applications of the 
insecticides were made during the season. 
The timing was based on the seasonal de- 
velopment of the onion maggot. The first 
treatment was made when the first adults 
were found. This coincided with the de- 
velopment of the onions which were just 
passing the “knee stage.” Thus the first 
application occurred on May 12 and 
others followed at approximately 10-day 
intervals to cover the emerging period of 
the adults. Emulsions were used exclu- 
sively in these tests. Dieldrin, DDT, 
chlordane, heptachlor, aldrin and para- 
thion were applied in amounts shown in 
table 1. 


Table 1.—Results of four spray treatments to 
control onion maggot damage to seed sets. 








Pounps IncuesDr- PER 
oF ACTUAL STROYED/ CENT 








Toxitcant/ 50 Freer Repvc- 

TREATMENT ACRE or Row TION 
Dieldrin 0.50 10.3 65 
DDT 0.60 12.4 58 
Chlordane 2.0 13.4 55 
Heptachlor 0.75 15.5 47 
Aldrin 0.75 18.8 36 
Parathion 0.25 20.3 31 
Check ws — 


29. 


-_ 








L.S.D. 5%—6.3; 1%—8.6 
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PELLETING SeED.—This method of 
application refers to the procedure of 
mixing seed and insecticide in the presence 
of a sticker. To each pound of seed was 
added 100 ec. of the sticker, Methocel, to 
which was then added the insecticide and 
in most cases a powdered fungicide, Ara- 
san. The mixture was then agitated in a 
covered can by shaking. When thoroughly 
mixed the individual seeds resemble little 
pellets about 4 inch in diameter. When 
dry, they are ready for planting. Control 
of the onion maggot with this method is 
dependent upon the residual action of the 
insecticide on the larvae as they make 
their way through the soil to the roots 
and bulb. The insecticide is deposited in 
the soil at the point where seed was 
dropped in planting and in soil through 
which the seed was carried during ger- 
mination. 

The plots in these tests were arranged 
at the time of planting. Each plot con- 
sisted of six rows and each insecticidal 
application was replicated 3 or 4 times. 
The insecticides, DDT, heptachlor, and 
dieldrin were used in combination with 
Arasan which was added for smut control. 
In order to insure the proper amount of 
coated seed to pass through the planter 
the openings were adjusted accordingly. 
Results obtained by the use of pelleted 
seed are shown in table 2. 


Table 2.—Results of the use of pelleted seed 
for the control of onion maggot. 








Pounps INcues DE- PER 
oF Dust/ strRoYED/ CENT 
Pounp 50 Frer  Repvc- 


TREATMENT oF SEED oF Row TION 
1% heptachlor 0.5 31.8 15.9 
5% DDT 0.5 15.9 58.0 
10% DDT 0.5 12 96.8 
1% dieldrin 0.5 1.2 96.8 

— 37.8 -= 


Check 


L.S.D. 5%—14.6; 1%—20.6. 








Dry Seep TREATMENT.—This is also 
a one-treatment method for onion maggot 
control. It simply requires the mixing of 
dry seed and powdered insecticide at the 
time of planting. One pound or more of 
seed was placed into a 2-gallon can and 
then the proper amount of insecticide was 
added. The cover was replaced and the 
seed and insecticide shaken vigorously to 
produce an equally dispersed mixture. 
This mixture was then placed into the 
hopper of the seed drill and planted. An 
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even distribution of insecticide is depos- 
ited in the furrow with the seed and re- 
mains there as a barrier against the larvae. 
In order to insure the proper amount of 
seed to be discharged by the planter, 
adjustments had to be made. Control of 
onion maggot by this method is based on 
the same principles as those discussed 
under the pelleting method. 

As in the pelleting method, the tests 
were planned at the time of planting and 
were likewise carried out on commercial 
farms, using 4 to 6 rows per plot and 3 to 
4 replications per treatment. Tests during 
the summer of 1952 produced information 
on the effectiveness of the more promising 
insecticides. In 1953 tests were conducted 
to confirm results obtained in 1952 and 
also to determine the proper amounts of 
insecticides to be used in these methods. 
The results of these tests are presented 
in table 3. 

Table 3.—Results of dry seed and insecticide 


mixtures on the damage produced to seed sets by 
the onion maggot. 








Pounps 
or Dust IncHES Per CENT 
PouNpb Dr- Repuc- 
TREATMENT OF SEED STROYED TION 
1% aldrin 0.25 23 .2 $2.1 
1% heptachlor 0.25 22.7 83.5 
Calomel 0.25 21.9 35.6 
5% chlordane 0.125 19.8 42.0 
1% heptachlor 0.50 14.4 57.8 
5% DDT 0.25 8.0 73.6 
5% DDT 0.50 $.2 90.8 
10% DDT 0.25 La 95.1 
1% dieldrin 0.25 1.5 95.5 
1% dieldrin 9.50 0.8 97.5 
10% DDT 0.50 0.5 98.6 
Check —_ 33.6 





LS.D. 5%—2.4; 1%—3.2 





Discussion AND Resuuts.—The meth- 
ods of insecticide application here con- 
sidered present feasible control for the 
onion maggot. Expensive equipment can 
be eliminated and control carried on with 
very little labor or expense to the farmer. 
Spraying seed sets with power sprayers is 
a comparatively expensive procedure and 
it apparently does not give the desired 
amount of control. With four applications 
it may be observed in table 1 that by 
using dieldrin at the rate of 0.5 pound of 
actual toxicant per acre, a 65 per cent 
reduction in damage was obtained. DDT 
and chlordane gave approximately the 
same control as dieldrin. Heptachlor, al- 
drin, and parathion gave rather poor re- 
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sults, parathion being least effective and 
resulting in 31 per cent reduction. Spray- 
ing seed sets, appears at this time a rather 
poor method of control, both as regards 
effectiveness and cost. The loss in yields 
caused by spacing to allow spraying equip- 
ment to enter the fields is a prohibiting 
factor in itself. Expensive labor and equip- 
ment to do this job also adds to the disad- 
vantages. It appears that four or more 
applications are necessary to obtain a 
desirable amount of control. 

The data in table 2 show that the pel- 
leted seed method gave very good control. 
Ten per cent DDT used at the rate of 0.5 
pound per pound of seed and 1 per cent 
dieldrin used at the rate of 0.5 pound per 
pound of seed were exceptional in control, 
both reducing the damage by 96 per cent. 
Heptachlor and 5 per cent DDT gave 
considerably less control. It is quite ap- 
parent that this method is adaptable to a 
farm of any size. Treatment of the seeds 
was made in advance of planting and 
since no other applications are necessary 
throughout the season, this becomes a 
very valuable method of control to the 
busy farmer. Perhaps the only disadvan- 
tage of this method lies in the preparation 
of the pelleted seed. Mixing wetted seed 
and insecticide is a laborious task unless 
some sort of mechanical agitator is avail- 
able. After the seed is pelleted it must be 
spread out in thin layers for drying. If 
large amounts of seed are involved a large 
floor space is necessary. 

In contrast to the pelleting of seed, the 
dry treatment is most promising with 
reference to the ease of preparation and 
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its effectiveness. The only equipment 
necessary in this method is a covered can 
for mixing the seed and insecticide. The 
treatment itself is simple and trouble-free 
as described in the procedure. Table 3 
shows that excellent results were obtained 
with this method. Ten per cent DDT used 
at the rate of 0.5 pound per pound of seed 
and one per cent dieldrin used at 0.5 
pound per pound of seed, both were highly 
effective, showing 97 per cent reduction 
in damage for dieldrin and 98 per cent 
reduction for DDT. Ten per cent DDT 
and one per cent dieldrin at 0.25 pound, 
per pound of seed, also was effective, re- 
sulting in a 95 per cent reduction in dam- 
age. Five per cent DDT used at 0.5 pound 
per pound of seed gave 90 per cent reduc- 
tion, but heptachlor, chlordane, calomel, 
and aldrin proved quite unsatisfactory for 
good control. 

SumMary.—Ten per cent DDT and one 
per cent dieldrin applied to onion seed as 
dry materials, and agitated to produce an 
evenly dispersed mixture of seed and in- 
secticide, gave the most effective control 
of onion maggot. As good control was 
obtained with the same materials if ap- 
plied to produce pelleted seed but it is 
more inconvenient to use this method at 
the time of planting and preparation. 

Spraying for maggot control was ap- 
parently not as effective and was less 
desirable because it entails wider spacing 
of rows for use of power equipment. It is 
also more expensive in terms of labor and 
insecticide with a minimum of four appli- 
ations needed to obtain a significant 
amount of control. 
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Control of Insect Pests of Ornamentals 


J. C. Scureap, The Connecticut Agricultural Experiment Station, New Haven 


Years of experience have alerted nur- 
serymen, arborists and others interested in 
protecting trees and shrubs from injurious 
insect pests to the possibility of phyto- 
toxicity of dormant oil sprays on ever- 
greens. The development of chlorinated 
hydrocarbon and organic phosphate insec- 
ticides has provided new materials for use 
on ornamentals in preference to dormant 
sprays. 

Although under some conditions the 
newer insecticides may be injurious to cer- 
tain plants, it would seem that they are 
much less hazardous than dormant oils. 
Hence this paper has been prepared to 
present the results of the use of several 
of the newer insecticides in place of dor- 
mant spray materials on ornamentals. 

Three species of scale insects, two spe- 
cies of leaf miners, and two species of 
aphids are included in the study. Field 
experiments dealt with the control of the 
oystershell scale, Lepidosaphes ulmi (L.), 
the pine needle scale, Phenacaspis pini- 
foliae (Fitch), the azalea bark scale, Erio- 
coccus azaleae Comst., the birch leaf miner 
Fenusa pusilla (Klug), the boxwood leaf 
miner Monarthropalpus buxi (Laboulb.), 
and two species of aphids, the apple aphid, 
Aphis pomi Deg., and the four-spotted 
hawthorn aphid, Amphorophora crataegi 
(Monell), both on English hawthorn. 

MATERIALS AND Meruops.—The chlo- 
rinated hydrocarbon insecticides used in 
the experiments were in emulsifiable con- 
centrate formulations as follows: chlor- 
dane 48 per cent; aldrin 21.85 per cent; 
dieldrin 15 per cent; lindane 25 per cent, 
and gamma isomer of BHC 13.75 per 
cent. In addition four organic phosphate 
insecticides were used in emulsion form— 
malathion 57 per cent; diethyl-methylcou- 
marinyl thiophosphate (Potasan) 30.6 per 
cent; TEPP 20 per cent and parathion 
25 per cent. Technical lauryl thiocyanate 
(Loro) 40 per cent and 40 per cent nicotine 
sulphate were also used. The experimental 
aphicide 1-isopropyl 3 methyl-pyrazolyl- 
(5)-dimethylcarbamate' was used as a 
25 per cent emulsion. A modified phthalic 
glycerol alkyd resin? was used as an addi- 
tional spreading and sticking agent at the 
rate of 4 to 16 ounces per 100 gallons of 


water. Treatments were made by means 
of a portable mist blower and a 3-gallon 
hand pressure sprayer. 

OyYSTERSHELL ScaLteE.—There is only 
one brood a year in the northeast. Over- 
wintering takes place in the egg stage and 
hatching commences at the end of May. 
By June 3, 54 per cent of the eggs under 
222 scales had hatched in 1953. On June 
6, when an estimated 95 per cent of the 
eggs had hatched on yellow wood, Clad- 
rastis lutia, and 40 to 50 per cent on lilac, 
Syringa vulgaris, seven 5- to 7-foot trees 
of the former species and one 5-foot shrub 
of the latter were sprayed with malathion 
and Potasan at the rate of 1 to 400 and 1 
to 800. All treatments were replicated 
once and randomized. On June 12 one- 
half of the plants in the experiment were 
resprayed. Control data was secured from 
three 3-inch twig samples taken at ran- 
dom from each plant 3 weeks after the 
first series of treatments. Because of the 
enormous number of young scales on the 
treated plants counts were made in 10 
binocular microscope fields of 5.9 sq. 
millimeter area taken at random from 
each set of twig samples. Results indicated 
that one treatment of either of the two 
insecticides at the stated dilutions killed 
all scales. Scales that hatched subsequent 
to the first series of treatments did not 
survive the residual action of the insecti- 
cides. 

Pine NEEDLE Scaute.—This _ insect 
overwinters in the egg stage. Hatching 
begins about the middle of May. In 1953, 
89 per cent of the egg masses showed an 
estimated 50 per cent or greater hatch on 
May. 19. On May 26 all but a few egg 
masses had hatched completely. The 
second brood of pine needle scale revealed 
initial hatch on July 20. By the close of 
the first week in August, all eggs had 
hatched and the young had dispersed. 

On May 27, malathion and parathion 
were sprayed on 3- to 5-foot Pinus mon- 
tana (variety uncertain, perhaps mughus 
Zenari), seriously infested with pine 
needle scale, at rates shown in table 1. 


1 G-23611 (Isolan) Geigy Co. 
2 Triton B-1956. 
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Because of the scarcity of plants the treat- 
ments were not replicated or randomized. 
Information relative to control was se- 
cured from 10 needles taken at random 
from three 6-inch twigs per treatment. 
Counts of dispersed young were made 10 
days after treatment by means of a binoc- 
ular microscope. Owing ‘to the good con- 
trol obtained from the first treatments, 
no additional spraying was done. It was 
seen, however, that some of the young 
scales that hatched after treatment sur- 
vived. This was more obvious in the para- 
thion-sprayed plants. As a result a fairly 
heavy second brood appeared on the para- 
thion treated plants at the two lowest 
dilutions. Concurrently the malathion- 
sprayed plants were virtually free from 
infestation. The much lower count of dead 
scales on the parathion treated plants 
resulted from dislodgement of the shriv- 
eled scales from the twig samples taken 
from these plants. The dead scales on the 
malathion-treated pines adhered longer. 





Table 1.—Control of pine needle scale. 





No. or Dis- 


RATE OF PERSED YOUNG PER 
EMULSION TREAT- ————————-__ CENT 
UseEp! MENT Dead Alive ContTROL 
Malathion 1-800 $47 10 97.8 
57% 1-400 235 0 100 
1-200 520 0 100 
Parathion 1-800 167 100 
25% 1-400 63 5 92.6 
1-200 22 0 100 
Untreated 45 250 





! Applied May 37, 1953. 


AZALEA Bark Scate.—There is only 
one brood each year in Connecticut. Eggs 
commence hatching on or about June 20. 
Young migrants settle down in the axils 
of leaves or stems and along the main 
branches as far as the surface of the 
ground. Maturity is reached in the spring 
of the following year, at which time cot- 
tony or woolly masses form with eggs 
deposited therein. 

The experiments reported here were 
carried on in 1951 and 1953. Azalea 
kaempferi, 18” to 24” high, were selected 
for treatment. In 1951 the first treatments 
were made on June 25 as indicated in table 
2. At this time egg hatching was not com- 
plete. Hence a second series of treatments 
were made on July 9. Azaleas were 
sprayed only once in 1953 on August 6. 
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Control data was obtained 4 weeks after 
treatment by counting all living and dead 
scales on three 3-inch twigs taken at ran- 
dom from treated and untreated plants. 
It would appear that the chlorinated hy- 
drocarbon insecticides gave poor control 
of the scale, whereas the organic phos- 
phates, thiocyanate and nicotine sulphate 
materials were by comparison highly ef- 
ficient in this respect. 


Table 2.—Control of Azalea bark scale. 





NUMBER OF SCALES 








RATE OF 
EMULSION TREAT- ©. —————_——— Per CEnt 
Usep MENT! Dead Alive ContTROL 
TEPP 20% 1-800 372 0 100 
1-400 279 0 100 
Nicotine sul- 1-800 26 0 100 
fate 40% 1-400 13 0 100 
Loro 40% 1-800 176 0 100 
1-400 138 0 100 
Lindane 25% 1-800 24 1l 68.5 
1-400 61 44 58.0 
Chlordane 1-800 16 42 7.5 
48% 1-400 16 121 11.6 
Aldrin 1.800 38 149 20.3 
21.85% 1-400 91 24 79.1 
Dieldrin 15% 1-800 29 129 18.3 
1-400 36 101 27.0 
Potasan 1-800 514 0 100 
30.6° 0 1-400 107 0 100 
Malathion 1-800 454 0 100 
57% 1-400 139 0 100 
Untreated 484 





1 Two applications of each formulation were made except those 
containing Potasan and malathion which were applied only once. 
Bircu AND Boxwoop Lear MINERs. 
Control of birch leaf miner with DDT, 
lindane, and aldrin and boxwood leaf 
miner through the use of lindane, chlor- 
dane, aldrin, dieldrin, DDT and nicotine 
sulphate are reported by Schread (1952, 
1953). Only the use of malathion against 

these insects is discussed here. 

Birch leaf miner experiments were ran- 
domized and replicated twice on May 20, 
using the gray birch, Betula populifolia, 
for the purpose. Average tree height was 
6 feet. One 5.5-foot boxwood plant with a 
circumference of 18 feet was divided ver- 
tically into four parts; three parts for 
treatments made July 15 and the remain- 
ing part was used as a check. Control data 
were obtained by opening and examining 
with a binocular microscope 30 leaves 
taken at random from three 10-inch 
sprays of boxwood foliage per treatment 
and 100 birch leaves taken at random 
from the treated and untreated trees. 

Results of the use of malathion for the 
control of birch leaf miner and boxwood 
leaf miner appear in table 3. Malathion 
gave a high order of control of birch leaf 
miner at all dilutions used, whereas 
miners of the boxwood were adequately 





500 JOURNAL OF Economic ENTOMOLOGY 


controlled at the highest concentration 
only. 

Table 3.—Birch leaf miner and boxwood leaf 
miner control with malathion. 











No. or MINERS 
DILuTION ——————— Perr CENT 
Usep! Dead Alive CONTROL 


(Birch Leaf Bian (Treated May 20) 








1-1600 381 0 100 
1-800 493 0 100 
1-400 543 0 100 
1-200 496 0 100 
None 225 
Boxwood Leaf Miner (Treated July 15) 

1—1600 226 117 69.4 
1-800 167 122 57.7 
1-400 227 0 100 
None 9 181 








1 Formulated from 57 per cent emulsion. 


Controt or Apuips.—Paul’s Scarlet 
variety of English hawthorn Crataegus 
oxyacantha was used in the experiment. 
The trees were 6 years old, and averaged 
10 feet in height. Treatments were made 
on July 8; each one was replicated twice 
and randomized. Results of the experi- 
ment appear in table 4. Because of the 
obvious increase in aphid population on 
the trees treated with malathion and 
BHC, they were resprayed on August 21. 
At this time the trees treated with exper- 
imental compound G-23611 were not re- 
sprayed. Data on control were obtained 


Table 4.—Aphid control on hawthorn. 








AVERAGE No. ‘Bins E 
APHIDS PER 10 LEAVES 
—No. WEEKS AFTER 





RATE OF TREATMENT 
EMULSION TREAT- ———_—_"—_- 
Use! MENT 3 6 9 
G-23611 259 % 1-1600 .03 1.8 9.8 
1- 800 .07 .03 0 
1— 400 .03 0 0 
Malathion 57%  1-1600 0 03 a 
1— 800 0 0 0 
1— 400 138 3.5 0 
BHC 13.75% 1-1600 5.7. 12.9 0 
g.i. 1- 800 03 6.9 17.33 
1— 400 .03 0 0 
Untreated 33.07 14.9 60 





1 All treatments applied July 8; a second application of formu- 
lations containing malathion and BHC was made August 21. 
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by averaging the number of aphids on 10 
leaves taken at random from each treated 
tree at weekly intervals. In the interest 
of brevity data are tabulated at 3-week 
intervals only. Each material gave good 
control of aphids at all dilutions. Com- 
pound G-23611 appeared to display the 
longest residual action, especially notice- 
able at the two highest dilutions. Mala- 
thion was close to G-23611 in long-range 
effectiveness. BHC seemed to be less effi- 
cient than the other materials in prevent- 
ing aphid buildup. This was more obvious 
at the two lower dilutions. 

SuMMARY.—When treatments of mala- 
thion and Potasan were made after most 
of the oystershell scale eggs had hatched, 
complete control was effected with one 
treatment at all dilutions. For the most 
part the first brood of pine needle scale 
was controlled with one treatment of 
malathion and parathion applied when 
egg-hatching was practically over. The 
exception to this was at one of the lower 
dilutions of each insecticide, where some 
carryover of infestation into the second 
brood occurred. 

The Azalea bark scale was controlled 
completely with one treatment of mala- 
thion and Potasan after all eggs had 
hatched. Where treatments of TEPP, 
nicotine sulphate, and Loro were applied 
before all eggs had hatched, a second ap- 
plication of these materials was necessary. 
Two treatments of lindane, chlordane, 
aldrin, or dieldrin gave poor control of 
young scales at all dilutions used. When 
treatments were made on May 20 the 
first brood of birch leaf miner was con- 
trolled completely with one application 
of malathion at all dilutions. Boxwood 
leaf miner control was poor at the two 
lowest concentrations of malathion, but 
complete at the highest concentration. 

Aphid control on English hawthorn was 
of a high order of efficiency following the 
initial treatments of G-23611, malathion 
and BHC. It was necessary, however, to 
treat a second time with the latter two 
materials to prevent severe aphid popu- 
lations before the end of the summer. 
Trees treated once in early July with 
G-23611 showed no serious rise in aphid 
infestation during the summer. 
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Synergists with Allethrin Against the Body Louse! 
G. W. Eppy, M. M. Cots,? and G. S, Burpen,' Entomology Research Branch, Agr. Res. Serv., U.S.D.A. 


During the last several years consider- 
able research has been conducted with 
materials as synergists' with pyrethrum 
and various other insecticides against 
the body louse, Pediculus humanus hu- 
manus L. Bushland et al. (1944a) showed 
IN-930 (N-isobutylhendecenamide) to. be 
an effective pyrethrum synergist. Carson 
& Eddy (1949) reported on the results 
obtained with 446 compounds as syner- 
gists with pyrethrum against the body 
louse. Recently, Eddy et al. (1954) demon- 
strated that the toxicity of certain phos- 
phorus compounds against the body louse 
could be markedly increased by the addi- 
tion of other materials. 

Numerous materials have been tested 
as synergists with allethrin by various 
workers against a wide variety of insect 
pests. The information on allethrin, in- 
cluding the research on synergists, has 
been summarized by Roark (1952). Dur- 
ing the last 3 years the authors have 
tested a large number of materials in com- 
bination with allethrin against the body 
louse. The results obtained in laboratory 
tests with 203 of these compounds are re- 
ported in this paper. 

Mertuops.—The test procedures de- 
scribed by Bushland et al. (1944b) and 
Eddy (1952) were used to evaluate candi- 
date synergists as cloth impregnants 
(beaker tests) and as powders (patch 
tests). Sulfoxide was used as the standard 
in practically all the tests because it is 
highly effective with both allethrin and 
pyrethrum against body lice. The body 
lice used in the experiments were from a 
laboratory colony maintained on domes- 
tic rabbits, as described by Culpepper 
(1944, 1948). 

Beaker tests —In the beaker tests the 
materials were dissolved in acetone or 
some other suitable solvent at the desired 
concentration, and 0.7 ml. of the solution 
was applied by pipette to circular pieces 
of woolen cloth 1.5 inches in diameter. 
The treated pieces were suspended on 
pins, allowed to dry for about an hour, 
and then placed in a 50-ml. beaker with 
20 young adult lice, 10 of each sex. The 
beakers were held in an incubator at 30° 
(. and approximately 70 per cent relative 


humidity. Mortality records were taken 
after 24 hours. 

The synergists were tested at a ratio 
of 10 parts to 1 part of allethrin. Usually 
the initial tests were made with the syner- 
gists at 0.05 per cent in combination with 
0.005 per cent of allethrin, but some of 
the synergists were tested at 0.1 per cent 
in combination with 0.01 per cent of alle- 
thrin. The treated cloths that were effec- 
tive in the initial test were held at room 
temperature and retested at various in- 
tervals until they no longer caused satis- 
factory knock-down or kill of lice. Ma- 
terials that caused complete knock-down 
or kill of lice in the initial test were fur- 
ther evaluated at 0.025, 0.01, and 0.005 
per cent to obtain data on the minimum 
lethal concentration. Usually only one 
test was run at the lower concentration. 

Patch tests —The most effective mate- 
rials in beaker tests were further evaluated 
in powders on balbriggan cloth patches 
4.9 inches square. One-half gram of a pow- 
der containing 0.1 per cent of allethrin 
and 1.0 per cent of the synergist in pyro- 
phyllite was spread evenly over the cloth 
with a spatula and lightly rubbed in with 
the fingers. The treated cloths were fas- 
tened on boards slightly larger than the 
cloths to facilitate handling. Wide- 
mouthed metal jar rings (without the 
center disk), held in position with rubber 
bands, were used to confine the lice on the 
treated cloths. The procedure for testing 
the powders was the same as for the 
beaker tests. 

Classification of Synergists.—The syner- 
gists were classified according to their 
relative knock-down or kill in each type 
of test. In the beaker tests both the mini- 
mum lethal concentration and the residual 
effectiveness were evaluated, but the 
materials subjected to the patch tests 
were Classified only as to residual effective- 


1 Presented at the meeting of the Entomological Society of 
America, Los Angeles, Calif., December 7-10, 1953. This work 
wis conducted at the Orlando, Fla., laboratory of the Entomol- 
ogy Research Branch under funds allotted by the Department of 
the Army to the Branch. 

2 Captain, Medical Service Corps, U. S. Army. 

3S, A. Hall and associates of the Division of Insecticide In- 
vestigations specially synthesized a majority of the compounds 
tested. D. L. Van Natta and A. S. Marulli assisted in the test 
work and M. D. Couch, J. Stonecipher, and P. Mason reared the 
test insects. 
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Table 1.—-Classification of materials as synergists with allethrin in laboratory tests against the body 
louse. 








BeAKER TEsts 








Minimum 


Lethal 
Concen- Patcu 
CHEMICAL tration Residue TrEsts 
Acetamide, alpha-(piperonyloxy)-N,N-dipropyl- 1 
Acetanilide, p-acetyl- 1 
Acetic acid, phenyl-, alpha-allylpiperonyl ester 2 2-3! 2 
alpha-tert-buty|piperony! ester 4 2-3 
alpha-isopropy|piperony] ester 3 2-3 2-3 
Acetophenone, 2,4-dihydroxy-, diacetate 1 
Benzene, 1,2-methylenedioxy-4-[2-(octylsulfonyl) propyl]-(Sulfone 12672) 3 t 
Benzhydrol, 3,4-methylenedioxy-, acetate 1 
Benzoic acid, 3,4,5-trimethoxy-, piperonyl ester 1 
Benzylamine, N-ethyl-N-pheny]l- l 
Bicyclo[2.2.1]-5-heptene-2,3-dicarboximide, N-2-ethylhexyl- (MGK-264) Q 3 2 
Bicyclo[2.2.1]-5-heptene-2,3-dicarboxylic acid, cis-,bis(2-ethylhexyl) ester 1 
1,3-Butadione, 2-butyl-1-phenyl- ] 
2-Butanol, 4-(3,4-methylenedioxyphenyl)-, acetate 3 2-3 
3-Buten-1-ol, 1-(p-methoxyphenyl)- I 
1-(3,4-methylenedioxypheny])- 1 
Butyric acid, p-cyclohexylpheny!] ester 1 : 
Caproic acid, alpha-allylpiperonyl ester 3 34! 1-2 
9-Carbazole, N-chrysanthemummonocarbonyl- l 
Chrysanthemumic acid ] 
alpha-allylcuminy] ester 1 
alpha-allylpiperonyl ester 3 t t 
al pha-allyl-o-veratryl ester 1 
alpha-amylpiperonyl ester 3 r 
alpha-benzy|piperony| ester 3 2-3 2-3 
alpha-tert-butyl-o-methoxybenzyl ester 1 
2-(p-tert-butyl) phenoxyethyl ester 1 
alpha-butylpiperonyl ester rt } 
alpha-tert-butylpiperony] ester 4 t H 
cetyl ester 1 
p-chlorobenzhydry] ester 1 
p-chlorobenzy] ester 2 2-3 
2-chloroisopropy] ester 1 
2-chloro-6-methylphenyl ester 1 
cholesteryl ester 1 
cinnamy] ester 1 
2-cyclohexyleyclohexy] ester 1 
4-cyclohexylcyclohexy] ester 1 
alpha-cyclohexylpiperony] ester 3 2-3 2-3 
4,4’-dichlorobenzhydry] ester 1 
diester with 2-ethyl-1,3-hexanediol 1 
diester with vanilly] alcohol 1 
ester with 4-hydroxy-4-methyl-2-pentanone 1 
ester with thiophenol 9? 
alpha-ethylpiperonyl ester 3 r t 
geranyl ester 1 
alpha-isopropylpiperony] ester i r 
o-methoxybenzy] ester | 
p-methoxybenzyl ester 1 
alpha-(2-methylallyl) piperonyl ester 4 ' t 
2-methyleyclohexyl ester 1 
3,4-methylenedioxybenzhydryl ester 2 2-3 
4-(3,4-methylenedioxypheny])-sec-butyl ester 4 i t 
alpha-methy|-p-methoxybenzy] ester 1 
2-methyl-2-nitropropyl ester 1 
alpha-methylpiperony| ester 3 t 2 
octyl ester 1 
alpha-phenethylpiperony] ester 3 2-3 2-3 
phenyl ester 1 
1-phenylethy] ester 2 Q 
alpha-(3-phenylpropyl)piperonyl ester 3 2-3 2-3 
$ t 3—4 


alpha-propy|piperony] ester 
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BEAKER TEsTS 








Minimum 
Lethal 
Concen- Patcu 
CHEMICAL tration Residue TEsts 
Chrysanthemummonocarboxamide, N-amyl- 1 = - 
N-butyl- 1 — = 
N-heptyl- 1 _ — 
N,N-diocty]- 1 — - 
N,N-diphenyl- 1 — _ 
Cinnamic acid, alpha-allylpiperony] ester 1 2-3! -- 
alpha-cyano-3,4-methylenedioxy-, ethyl ester 2 2-3 — 
ester with 4-hydroxy-4-methyl-2-pentanone 1 — 
o-isopropoxy-, allethrolonyl ester 1 - 
o-methoxy-, cis-, allyl ester ~- 9! 
o-methoxy-, cis-, alpha-allylpiperonyl ester 1 
3,4-methylenedioxy-, allethrolonyl ester ] 
3,4-methylenedioxy-, ethy] ester 2 2 
Cyclohexanecarboxylic acid, 1-hydroxy-, phenethyl ester l 
propyl ester 1 = 
1-propylbutyl ester 1 
1,2-Cyclohexanedicarboxylic acid, dibutyl ester 2 2 — 
diethyl ester 1 - — 
dipropy] ester 1 _ 
Cyclohexanone, 2-methyl-2-phenyl- 1 — 
Cyclohexenone, trimethyl(piperonyl)- (Synergist “‘Sy-2’’) 1 — — 
m-Dioxane, 5-butyl-5-ethyl-2-(3, 4-methylenedioxy-pheny])- 4 4 1-2 
4,6-dimethyl-2-(3,4-methylenedioxypheny]l)- 3 3 1 
5-ethyl-2-(3,4-methylenedioxypheny])-4-propyl- § 3-4! 2 
t-methyl-2-(3,4-methylenedioxypheny])- 2 2-3 — 
5-methyl-4-(3,4-methylenedioxypheny])- 2-4 3 — 
2-(3, 4-methylenedioxyphenyl)- 1 — — 
t,4,6-trimethy ]-2-(3,4-methylenedioxypheny])- 3 2-3 1 
1,3-Dioxolane, +,5-dimethyl-2-(3,4-methylenedioxypheny])- 3 2-3 
t-methyl-2-(3,4-methylenedioxypheny])- 2 2-3! 
2-(3,4-methylenedioxypheny])- 1 — 
Ethane, 1,1-bis(chloropheny])- 1 — 
Ether, benzyl eugenyl (benzyl eugenol ether) 2-4 2 
alpha-ethylpiperonyl methyl 1 — 
Fencholie acid, alpha-allylpiperony] ester 4 + _ 
piperonyl ester 4 4 2-3 
2-Furanacrylic acid, alpha-allylpiperony] ester 1 — — 
Furfuryl alcohol, alpha-allyl- 1 - 
alpha-allyl-, acetate 1 
2-Furoic acid, alpha-allylpiperonyl ester 2 1-2 ] 
Glutaric acid, alpha-carboxy-beta-methy]-, triallyl ester 3 3 — 
alpha-cyano-beta-methyl-, diethyl ester 1 —_ — 
Guaiacol, propionate 1 — — 
1,5,9-Hendecatrien-4-ol, 6,10-dimethyl- 1 a — 
10-Hendecenamide, N-isobutyl- 2 4 1 
Heptylamine, V-butoxyethyl- 1 — — 
2,4-Hexanediol, 3-ethy]- 1 z ~ 
Hydrocinnamic acid, alpha, beta-epoxy-p-methoxy-beta-methy]-, allyl ester 1 — 
Isosafrole l re 
Malathion 1 - 
Malonic acid, piperonyl-, diethyl ester 3 2-3 
piperonylidene, dibutyl ester 3 4 t 
piperonylidene, diethyl ester 1 - 
Mandelic acid, octyl ester 1 
3,4-methylenedioxy-, allyl ester 1 - 
3,4-methylenedioxy-, ethyl ester 1 - 
3,4-methylenedioxy-, isopropyl ester 2 2-3! - 
3,4-methylenedioxy-, methyl ester 1 = = 
3,4-methylenedioxy-, propyl ester Q 2-3! 
+,7-Methanoindene, 6-allyloxy-3a,4,5,6,7,7a-hexahydro- 1 — 
levo-Menthol, propionate 1 — — 
Naphtho[2,3]-1,3-dioxole-5,6-dicarboxylic acid, 5,6,7,8-tetrahydro-7- 2 3 — 


methyl-, dipropyl ester (n-propyl isome) 
Palmitie acid, alpha-allylpiperony] ester 


_ 
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Breaker Tests 
Minimum 
Lethal 
Concen- Patcu 
CHEMICAL tration Residue Tests 
1,4-Pentadien-3-one, 1,5-bis(3,4-methylenedioxypheny]l)- 1 — — 
Phenol, 2,4-dinitro-6-phenyl-, acetate 1 — 
Phthalic acid, diisopropyl] ester 2 2 - 
dimethy] ester 1 - 
Pimelonitrile, gamma-acetyl-gamma-methy]- 1 - 
Pinene, ether with ethylene glycol 1 — 
Piperidine, 1-(0-ethoxybenzoy]l)- 1 — ; 
1-(p-ethoxybenzoy})- 1 
Piperonal 1 - r 
Piperony] alcohol l - ~- 
alpha-allyl-, benzoate 3 3 - " 
alpha-benzyl- 2 2-3 — 
alpha-benzyl-, acetate 3 2-3 1 I 
alpha-tert-butyl-, acetate 4 2-3 - I 
alpha-tert-butyl-, formate 3 2-3 -- \ 
alpha-cyclohexyl-,acetate 3 2 Ff 
alpha-cyclohexyl-, benzoate 2? 2-3? — 
alpha-ethyl-, acetate 3 2-3 — 
alpha-isopropyl- 3 4 -— 
alpha-isopropyl-, acetate 3 3 — 
alpha-isopropyl-, formate Q 2-3 — ni 
alpha-methyl-, acetate 1 — — B. 
alpha-phenethyl- g 2-3 — 
alpha-(3-phenylpropyl)-, acetate 3 t 2-3 
alpha-(3-phenylpropyl)-, formate 3 3-4 -— 
alpha-propy]- 1 — ~ 
alpha-propyl-, acetate $ 2-3 -- 
Piperonylamide, N-propy]- 1 
N-o-toly]- 1 
Piperony] butoxide Q 3 3 
cyclonene 2 3 3 
i Piperonylic acid 1 - -- 
butyl ester 2 2 
ethyl ester l 
propyl ester 1 —- 
Pivalic acid, alpha-allylpiperony] ester 3 }! 2 Pa 
2-Propanol, 1-methoxy- 1 — 
Propionic acid, alpha-allylpiperony] ester 3 2-3 -- 
6-amyl-m-toty] ester 1 — — 
2-tert-butyl-6-isopropylpheny] ester -- $} -- 
2-tert-butyl-p-tolyl ester 1 - 
4-tert-butyl-o-to! yl ester — Qt J 
alpha-butylpiperony] ester 3 3-2 ~- shc 
alpha-tert-butylpiperony] ester 3 3 alo 
o-cyclohexylpheny] ester — 3! - Be 
p-cyclohexylpheny] ester ! 1 init 
alpha-cyclohexylpiperony] ester 2? 3 - ma 
2,4-di-tert-butyl-6-isopropylpheny] ester —- 3! ~ alo: 
4,6-di-tert-butyl-m-totyl ester I - - gist 
ester with 2,5-di-tert-butylhydroquinone l - —- 5” 
2,4-dichloro-1-naphthy] ester — 2-3! am 
2,4-dichloropheny] ester 1 -- doy 
diester with 2,4’-dihydroxybenzophenone 1 ~- whi 
diester with 4,4’-dihydroxybenzophenone - 2-3? _ gles 
p-(alpha,alpha-dimethylbenzyl)pheny] ester 1 — —- 7 
diester with 1,5-naphthalenediol ~- 3} ~— dica 
m-ethylpheny] ester 1 — — R 
p-ethylpheny] ester 1 — — are 
eugeny] ester 1 — “= : B 
p-isopropylpheny] ester 1 — — 
alpha-pentylpiperony] ester ‘ 2-3 One- 
alpha-propylpiperony] ester 3 2-3 _— to in 
Pyrrolidine, chrysanthemummonocarbonyl- 1 — — . tion 
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BreAKER TESTS 
Minimum 
Lethal 
Concen- Patcu 
CHEMICAL tration Residue TEstTs 
Quinoline, 1-acetyl-1,2,3,4-tetrahydro-(N-acetyl-1,2,3,4-tetrahydro- 
quinoline) 1 — _ 
Senecioic acid, alpha-allylpiperonyl ester 3 3 
alpha-tert-butylpiperony] ester 3 Q-< 2-3 
2-cyclohexylpiperony] ester 3? 2-3? 1-2 
alpha-(3-phenylpropy])piperony] ester 3 2-3 4 
Sesamin concentrate 1 — — 
Styrene, (3,4-methylenedioxy)- 1 — 
Sulfoxide (benzene, 1,2-methylenedioxy-4-[2-(octylsulfiny]) propyl]-) 3 4 4 
Thiophosphoric acid, O0-(alpha-allylpiperonyl)0,0-diethy1 ester 1 ~ 
3-chloro-4-methylumbelliferone 0,0-dimethyl ester (Bayer 21/200) 1 — _ 
Toluene, alpha-allyl-alpha-allyloxy-3,4-methylenedioxy- 2 2-3! -- 
alpha-ally1-3,4-methylenedioxy-alpha-propoxy- 2 2-3! — 
Umbelliferone, 4-methyl-, 0,0-diethyl thiophosphate (Potasan) 1 — — 
Urea, 1-(p-sulfamylpheny])- 1 _— — 
Valeric acid, delta (3,4-methylenedioxypheny])-beta-oxo-, ethyl ester 3 2-3 a= 





1 Tested at 0.1 per cent, or twice the standard concentration. 


2 Synergism not clearly indicated owing to toxicity of material alone. 


ness. These classifications were as follows: 
BEAKER TEsTs 
Minimum lethal concentration 
1. Incomplete at 0.05 per cent 
2. Complete at 0.05 per cent, but not at 0.025 
per cent 
3. Complete at 0.025 per cent, but not at 0.01] 
per cent 
4. Complete at 0.01 per cent, but not at 0.005 
per cent 
Residual effectiveness at 0.05 per cent 
1. Incomplete in initial tests 
2. Complete in initial tests only 
3. Complete for 1 to 6 days 
+. Complete for 7 or more days 
Patrcu Tests, residual effectiveness at 1 per cent 
1. Complete for 0 to 3 days 
2. Complete for 4 to 7 days 
3. Complete for 8 to 12 days 
4. Complete for 13 or more days 


Allethrin and most of the synergists 
showed little or no toxicity when tested 
alone at the concentrations used in the 
initial tests. However, several of the test 
materials exhibited considerable toxicity 
alone; consequently, their role as syner- 
gists was not clearly indicated. Only when 
a material caused high or complete knock- 
down or kill of lice at a concentration at 
which neither it nor allethrin was toxic 
alone was synergism considered to be in- 
dicated. 

Resutts.—The results of these tests 
are presented in table 1. 

BreAKER TrEsts.—Slightly more than 
one-half of the 203 synergists tested failed 
to increase the minimum lethal concentra- 
tion of allethrin (class 1). About one-third 


of the materials were definitely synergis- 
tic (classes 2 and 3), and 11 compounds, 
or a little more than 5 per cent, markedly 
increased the toxicity of allethrin (class 4). 

On the basis of minimum lethal con- 
centration the 11 class 4 synergists caused 
complete knock-down or kill of lice at 
0.01 per cefft in combination with 0.001 
per cent of allethrin, and some of them 
caused high mortality of lice at one-half 
this concentration. Allethrin alone caused 
little or no mortality at 0.005 per cent, 
40 to 95 per cent at 0.01 per cent, and 100 
per cent knock-down or kill of lice at 0.025 
per cent. Comparisons of the results with 
allethrin alone and in mixtures indicate 
that the better synergists increased the 
toxicity of allethrin 10 to 20 times or more. 

Some of the synergists in class 4 on the 
basis of minimum lethal concentration 
were not in this class on a residue basis. 
The standard, sulfoxide, was rated class 
3 in the tests of minimum lethal concen- 
tration but class 4 in the residue tests. 

Patcu Tests.—A total of 37 compounds 
were tested in powder form on cloth 
patches. Most of the class 4 and the more 
effective class 3 cloth impregnants in the 
previous tests were included. 

Six materials were effective for only 0 
to 3 days (class 1). Six materials were ef- 
fective for 4 days but not more than 7 
days (class 2). Eight synergists that 
proved effective for 4 but not more than 
12 days were not tested at the proper in- 
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terval to definitely place them in either 
class 2 or in class 3. These and certain 
others were given a range in classification, 
as 1 to 2, 2 to 3, or 3 to 4. Two materials 
were effective for 8 to 12 days (class 3), 
and 11 caused complete knock-down or 
kill of lice for 13 or more days (class 4). 
These 11 compounds were sulfoxide, 1,2- 
methylenedioxy -4-[{2-(octylsulfony]) pro- 
pyl|benzene, dibutyl piperonylidene ester 
of malonic acid, alpha-(3- phenylpropy]) 
piperonyl ester of senecioic acid, and the 
following esters of chrysanthemumic acid: 
alpha-allylpiperonyl, — alpha-amy|piper- 
onyl, alpha-butylpiperony], alpha-tert-bu- 
tylpiperonyl, alpha-ethylpiperonyl, alpha- 
2-methylallyl)piperonyl, and  4-(3,4- 
methylenedioxypheny])-sec-butyl. 

Some of these synergists and several 
others have been evaluated in arm and 
leg tests on research subjects, according 
to the method of Bushland and coworkers 
(1944b). A number of the materials ap- 
peared about equal to the standard, sulf- 
oxide, but none proved outstandingly 
more effective. In general, synergized 
allethrin preparations, whether tested as 
cloth impregnants or as powders, have 
not proved as effective against body lice 
as similar synergized pyrethrum prepara- 
tions. However, “the difference in a small- 
scale field test (Eddy 1952) was not 
great. 
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SumMary.—During the period 1951- 
53 a total of 203 compounds were tested 
in the laboratory as synergists with alle- 
thrin against the body louse, Pediculus 
humanus humanus L. The materials were 

valuated as cloth impregnants and in 
powders prepared with pyrophyllite. As 
cloth impregnants the minimum lethal 
concentration and duration of residual 
effectiveness of the materials were deter- 
mined. The tests with powders applied to 
cloth were made from a residual stand- 
point only. The materials were given class 
ratings from 1 to 4 (4 being the most ef- 
fective), based on their effectiveness in the 
different tests. On the basis of minimum 
lethal concentration 11 materials proved 
more efficient as svnergists than the stand- 
ard, sulfoxide. Some of them increased 
the toxicity of allethrin from 10 to 20 
times or more. On a residue basis, both 
as cloth impregnants and in powders, 
nine materials appeared about equal to or 
slightly more effective than sulfoxide. 
They were 1,2-methylenedioxy-4-[2-(oc- 
tylsulfonyl)propyl|benzene, dibutyl pi- 
peronylidene ester of malonic acid, and 
the following esters of chrysanthemumic 
acid: alpha-allylpiperonyl, alpha-amylpi- 
peronyl, alpha-buty lpiperonyl, alpha-tert- 
butylpiperonyl, alpha-ethylpiperonyl, al- 
pha-(2-methylallyl)piperonyl, and 4-(3,4- 
methylenedioxypheny])-sec-butyl. 


LITERATURE CITED 


Bushland, R. C., G. W 
Bushland, R. C., I 


’, Eddy, and E. F. Knipling. 1944a. Tests with synergists for pyrethrum against 
the body louse. Jour. Econ. Ent. 37(4): 556-7 
C. McAlister, Jr., G. W. Eddy, 


H. A. Jones, and E. F. Knipling. 1944b. Develop- 


ment of a powder treatment for the control of lice attacking man. Jour. Parasitol. 30(6): 377 


87. 


Carson, N. B., and G. W. Eddy. 1949. Preliminary evaluation of materials as synergists with pyreth- 
rum against the body louse. Jour. Econ. Ent. 42(4): 694-9. 
Culpepper, G. H. 1944. The rearing and maintenance of a laboratory colony of the body louse. Amer. 


Jour. Trop. Med. 24(5): 327-9. 


Culpepper, G. H. 1948. Rearing and maintaining a laboratory colony of body lice on rabbits. 


Jour. Trop. Med. 28(3): 499-504. 


Amer. 


Eddy, G. W. 1952. Effectiveness of certain insecticides against DDT-resistant body lice in Korea. 


Jour. Econ. Ent. 45(6): 1043-51. 


Eddy, G. W., M. M. Cole, and A. S. Marulli. 1954. Tests of synergists with three phosphorous com- 
pounds against the body louse. Soap and Sanit. Chem. (In press.) 


Roark, R. C. 1952. A 


digest of information on allethrin. U. S. Bur. Ent. and Plant Quar. E-846. 














The Cholinesterase Systems of Three Species of Fruit Flies 
and the Effects of Certain Insecticidal Compounds 


on these Enzymes 


C. C. Roan! and Suizuko Magna, Entomology Research Branch, Agr. Res. Serv., U.S.D.A. 


The rate of hydrolysis of acetylcholine 
(ACh) and acetyl-beta-methyl choline 
(AMeCh) by cholinesterase (ChE) has 
been used by Metcalf & March (1950) to 
indicate differences in the properties of 
ChE from the heads of honey bee, the 
mouse, and the house fly. They also ob- 
served that the isopropyl! homolog of para- 
thion was much less effective in inhibiting 
honey bee head ChE than it was against 
house fly head ChE. Babers & Pratt (1951) 
confirmed the differences between the 
ChE of bee and fly and indicated that the 
enzyme from the head of the American 
cockroach was more nearly like that of 
the honey bee. Roan & Maeda (1953) 
observed that the ChE from the head of 
the oriental fruit fly, Dacus dorsalis Hen- 
del, is comparable with that reported by 
other workers for the house fly, in regard 
to both substrate specificity and response 
to a series of organic phosphorus com- 
pounds. 

Roan & Maeda (1953) also reported 
that 1-phenyl-3-methyl pyrozolyl-(5)- 
dimethyl carbamate (compound 22008) 
has the same order of effectiveness as para- 
oxon as an inhibitor of oriental fruit 
fly ChE. Compound 22008 is similar to 
physostigmine and prostigmine in that 
it is an alkyl carbamic ester. Stedman 
(1926) indicated that the methylcarbamic 
ester group of physostigmine and related 
compounds are essential for anticholines- 
terase activity. Aeschlimann & Reinhart 
(1935) observed that prostigmine, pos- 
sessing a dimethyl carbamic ester group, 
is approximately as effective an inhibitor 
as physostigmine. 

It was therefore of interest to extend 
the previous tudies with the oriental fruit 
fly to include a series of compounds struc- 
turally related to compound 22008 as well 
as the organic phosphorous compounds, 
and to investigate the properties of the 
ChE from the closely related species the 
melon fly, Dacus cucurbitae Coq., and the 
Mediterranean fruit fly, Ceratitis capitata 
(Wied.). The compounds were investi- 
gated both as in vitro inhibitors of ChE 
and as toxicants. 
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MATERIALS AND Metuops.—The color- 
imetric method of Hestrin (1949) for the 
determination of acetylcholine was used 
in the in vitro investigations. Breis were 
prepared from the heads of flies of uniform 
age by grinding them with a Potter- 
Elvehjem homogenizer in a buffer (0.15M 
sodium chloride, 0.04M magnesium chlo- 
ride, 0.025M sodium bicarbonate). The 
stock solutions of breis contained 1.2 mg. 
of tissue per milliliter. Substrates were 
made up in 0.001N sodium acetate and 
the inhibitors in propylene glycol-acetone 
(9 to 1) mixtures. The reaction flasks were 
2090 mm. shell vials, to each of which 
were added 2.6 ml. of tissue brei and 
0.1 ml. of inhibitor or distilled water. 
After thorough mixing of their contents, 
the reaction flasks were immersed in a 
37° C. water bath. The inhibitors were 
then allowed to incubate with the enzyme 
preparation for 20 minutes prior to the 
addition of 0.3 ml. of the substrate. The 
reaction period was for 30 minutes after 
the addition of the substrate. At the end 
of the reaction period three 1-ml. aliquots 
were taken and the colors were developed 
by the methods described by Hestrin 
(1949). One aliquot was employed for a 
nonspecific color control, and the other 
two served as replicates. A substrate con- 
trol was run for each determination. Read- 
ings were taken at 540 my with a Beck- 
man Model B spectrophotometer. 

In the tests to determine the optimum 
substrate concentration for the three 
species of flies, it was found impractical 
to vary the substrate concentrations over 
the entire range required, owing to limi- 
tations of the colorimetric method. There- 
fore, the concentration of substrate was 
kept constant at 5X10-°M, and the 
amount of tissue brei was varied to give 
different enzyme/substrate ratios (E/S). 
It was assumed that the amount of en- 
zyme present would be directly related 
to the amount of tissue. The relation of 
the S/E ratios reported here to the pS 


1 Present address, Department of Entomology, Kansas State 
College, Manhattan, Kansas 
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values is shown in table 1. 

Dosage-mortality data were obtained 
from topical applications of acetone solu- 
tions of the selected toxicants to the ven- 
ter of the thorax of flies of uniform age. 
The applications were made with the 
micropipette described by Roan & Maeda 
(1953). The per cent mortality at 24 hours 
was plotted against the dosage on log- 
probit paper and the LD-50’s were deter- 
mined directly from such plots. 


Table 1.—Amounts of substrate (S)' and en- 
zyme (E)’ used for the manometric and colori- 
metric determinations of the effect of substrate 
concentration on the rate of hydrolysis of ACh by 
the ChE of the oriental fruit fly. 
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Table 2.—Theoretical maximum velocities 
(Vinax) and dissociation constants (K,) of the en- 
zyme-substrate complex for the ChE of the ori- 
ental fruit fly, the melon fly, and the Mediter- 
ranean fruit fly. 














ACh AMeCh 
Insect Vingx Ks Vinax Ks 
Oriental fruit | 
fly 1.60 7.6X10 0.7 2.3X10? 
Melon fly | 1.54 | 8.1X1074 0.5 8.9X1072 
Mediterranean | 
fruit fly | 1.66 | 8.8x10* | 1.1 | 2.9X107 





similarity in these enzymes, particularly 
as contrasted with the data reported for 
the bee by Metcalf & March (1950). 











MANOMETRIC COLORIMETRIC 
(E=3.12)8 | (S=5)4 

p* s | S/E E 
0.82 450 144 — 
Bua 225 72 — 
1.49 97 31 0.16 
1.79 49 | 15.6 0.32 
2.05 27 | 8.6 0.58 
2.37 13 4.15 1.2 
2.64 7 2.24 2.2 
2.90 $.5 1.13 4.4 
3.30 1.5 0.48 10.4 





1 Substrate concentrations expressed as micromoles per test. 

2 Enzyme concentrations expressed as milligrams of brain brei 
per test. 

* Test solutions made up to $ ml. 

4 Test solutions made up to 1 ml. 

5 Log 1/8, where S is expressed in final molar concentration. 

SUBSTRATE Speciriciry.—Roan & 
Maeda (1953) indicated that the ChE of 
the oriental fruit fly appeared to be simi- 
lar to that reported by Metcalf & March 
(1950) for the house fly. In figure 1, where 
the log of the S/E ratio is plotted against 
activity for the ChE of the oriental fruit 
fly, an optimum of S/E 8.6 is indicated. 
Reference to table 1 indicates good agree- 
ment with the previously indicated opti- 
mum of pS 2.1. Figures 2 and 3 present 
the data obtained with the ChE from the 
Mediterranean fruit fly and the melon 
fly. The optima occur within the range in- 
dicated for the oriental fruit fly for the 
hydrolysis of ACh, and the shape of the 
curves for both ACh and AMeCh sug- 
gests that the enzyme for all three species 
of flies is specific for ACh in a manner 
similar to that reported by Metcalf & 
March (1950) for the house fly. The data 
for the maximum velocity (Vmax) and 
dissociation constant (A,) as determined 
by the graphical method of Lineweaver 
& Burk (1934), in table 2 also indicate a 
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Fic. 1.—The effects of substrate concentration on 
the rate of hydrolysis of ACh and AMeCh by the 
ChE of the brain of the oriental fruit fly. 


In Vitro Reaction OF CHOLINESTER- 
ASES WITH INSECTICIDAL COMPOUNDS.— 
The concentrations of 22 compounds, 
representing two classes of chemicals, 
required to inhibit 50 per cent (INs5o) of 
the ChE of the three species of fruit flies 
studied were determined by plotting the 
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Fic. 2.—The effects of substrate concentration on 
the rate of hydrolysis of ACh and AMeCh by the 
ChE of the brain of the melon fly. 
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Table 3.—Inhibition of oriental fruit fly, melon fly, and Mediterranean fruit fly brain cholinesterase 
by certain organic insecticidal compounds. 








Frvat Mouar CoNcENTRATION FOR IN5o 











Oriental 
Fruit Melon ranean 
CoMPouND ForMULA Fly Fly Fruit Fly 
C.H;O O 
7 pa 
Para-oxon P—O—* /—NOz» 9X 107° 8.81079 1X<1078 
C:H;0 
C.H;O S$ 
\ | / 
Parathion P—O—\ —NO» 2.31077 8.61078 11077 
C:H;,0° 
CH;—CH—O O | 
CH; P—O—\__ NO, 
Diisopropyl 4 1.5X10-% 1.8X1078 1.3X10-8 
para-oxon CH;—CH—O 
CH; 
CH;—CH—O § 
l \ I ~ 
CH; PO —NO, 
Diisopropyl VE 3X 10-6 3X 1076 4X 10-6 
parathion CH;—CH—O 
CH; 
C.H;—O § 
\]l i " 
EPN P—O —-NO» +< 107% 3.6X107* 3.2X10-% 
\4 
Ciik-@ 0 O O—GRH; 
ar ; 
TEPP ‘P—O—P 7.5X107 =7.2X107° —- 7K 10-19 
Yi \ 
C:H;—O O—C:2H; 
C.H,0 S$ S O—GH; 
\ ll if 
Sulfotepp P—O—P 5.2X10°8 —-1.2X10°8 7.6 X10°8 
CHO" O—G:lls 
C:H;O O 
Diethyl phos- P—OH 2.44105 &.8xX10° £.6K10° 
phoric acid fo 
C.H;O 
CH;—C——CH O CH; 
T J 
N C—O—C—N 
Mee 
22008 N CH; 2X 10-8 7.8X10°§ 2.8X10°8 


\A 








Mediter- 
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Finat Mouar CONCENTRATION FOR IN35o 
Oriental Mediter- 
Fruit Melon ranean 
ComMPouND FORMULA Fly Fly Fruit Fly 
CH;—C—CH O CH; 
ra 
N ( O—( N 
22419 N ‘CH; 1.8X10-$ 4.8X10-8 = 3X 1078 
Cl 
CH;—C CH O CHs 
5 £203) . 
\ 
N CH; 
23327 | 4.61075 2.7x<10°5 2.6X10° 8 
\ 
NO, 
29 
CH;—C—CH O CH; 
N C—O—C—N 
22870 \ ie 5X1077 §.4X1077 =| 7.81077 
N CH 
H 
23 
CH;—C——-CH O CH; 
| 4 
N C—O—C—N 
\ / x 
23224 N CH; 1.41077 2.8X10"' 2.2107? 
CH, 
CH: 233 
CH;—( CH O CH 
N ( O—( N 
N ‘CH, 
23842 | 1.4X10-? 1.41077 $.38xX10- 
CH, 
| Q31¢ 
CH 
CH, 
CH,—C——CH O CH; 
N C—O—-C N 
Na, 1925 
23611 N CH; 7.2X10-§ 81078 1.2% 10- 
CH 
ye 
4™ 
CH; CH; 
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Frnat Mouar CoNcENTRATION FOR IN50 








Oriental Mediter- 
Fruit Melon ranean 
CoMPOUND ForMULA Fly Fly Fruit Fly 
HC——CH O CHs3 
I y 
| Pi 
N C O—C = 
23165 N CH; 4.61078 8.61078 2.710"? 
A 
\ 
\/ 
Chi.—C—CH O CH; 
iI P 
N C—O—C—N 
23012 . e S 3.7X10-8 = 4x1079 4.2X10-° 
N CH; 
CH,—C—-CH O CH.—CH; 
N ( O—C- N CH 
. “a 
23328 N CH.—CH, 9.21078 5.41078 9X 1078 
* 
CH;—C——N O CH; 


x ¢-o-0-y 


23162 N ‘CH; 9.2X10-° 8.2X10-* 8.4x10-% 


a 


23341 N “CH, 21077 3.4X10-7 3.41077 


\4 
a es 
N b—0-C-N” 
23164 Ny ‘CH, 8X10 — 6.4X10-* ~—-6.2X10-* 
0 
C 
19258 nc Nor 0 CH 5X10-? ~—6.5X10-7—-5.6X 10-7 


ca~C C—O—C—-N 


CH; C CH; 
I 
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Fic. 3.—The effects of substrate concentration on 
the rate of hydrolysis of ACh and AMeCh by the 
ChE of the brain of the Mediterranean fruit fly. 


probit of per cent inhibition against the 
log of the concentration. The values given 
in table 3 are the final molar concentra- 
tions in the reaction flasks. These data 
indicate only minor differences in the in 
vitro response of the ChE of the three spe- 
cies with respect to changes in the chemi- 
cal molecules. The anticholinesterase ac- 
tions of the organic phosphorus com- 
pounds with the ChE of the Mediterra- 
nean fruit fly and the melon fly are com- 
parable with those reported by Roan & 
Maeda (1953) for the oriental fruit fly. 
The carbamates represent another type 
of potential insecticide that is capable of 
inhibiting ChE. The in vitro data for these 
compounds in table 3 indicate similar 
reactions with the ChE from the three 
species of flies investigated. This is fur- 
ther evidence of the similarity of the ChE 
from these test organisms. 

The effect of alterations of the chemical 
molecules on their anticholinesterase ac- 
tivity is also of interest. The effects of 
structural changes in the organic phos- 
phorus compounds have already been dis- 
cussed by Metcalf & March (1949, 1950) 
for the house fly, the bee, and the mouse. 
Roan & Maeda (1953) reported similar 
observations for the oriental fruit fly, and 
the data reported in this paper indicate 
the same trend for the Mediterranean 
fruit fly and the melon fly. The only 
phosphorus compound not reported pre- 
viously is diethyl phosphoric acid, an ex- 
pected hydrolysis product of the oxygen 
analogs. It is of interest to note that it 
is considerably less effective than TEPP. 

With compound 22008 as the basis for 
comparison, the changes in anticholines- 
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terase activity as the chemical structure 
is changed are of interest. Starting with 
the “1” position of the pyrazolyl ring, 
there are no major changes in such activi- 
ty until the phenyl group is completely 
removed, as with compound 22870. Com- 
pound 23611, with the isopropyl group, 
has nearly the same activity as compound 
22008. Compounds 23165 and 23012 rep- 
resent changes in the group on the “3” 
position of the pyrazolyl ring. Neither the 
removal of the methyl group nor the sub- 
stitution of the benzyl group appears to 
have any great effect on the in vitro ac- 
tivity. The only compound in this series 
representing changes in the carbamate 
portion of the molecule is compound 
23328, a pentamethylene carbamate ester, 
which does not appear to change the ac- 
tivity materially. 

Compounds 23162, 23341, and 23164 
have a triazolyl ring instead of the 
pyrazolyl ring and are generally less ef- 
fective as in vitro ChE inhibitors. Com- 
pound 23341, with the 3-ethyl group, ap- 
pears to be more effective than either the 
3-methyl or the 3-propyl compound. 
Compound 19258, (4,4-dimethyl-2-cyclo- 
hexenyl, 3-dimethyl-carbamate) repre- 
sents the most drastic change in this 
series. It appears to be about as effective 
an in vitro inhibitor as the triazolyl com- 
pounds. 

Toxiciry.—-The toxic effects of eight 
representative compounds on the three 
species of flies were investigated by mak- 
ing topical applications of acetone solu- 
tions of these materials. The compounds 
were selected to represent the organic 
phosphorus compounds and the carbamic 
esters with certain structural variations. 
These data, as presented in table 4, indi- 
cate considerable variation in the effec- 
tiveness. Although the in vitro actions of 
these compounds against the ChE of the 
three species of flies were similar and in- 
dicated a further similarity in the nature 
of the enzyme, the data in table 4 indi- 
‘vate a species differentiation that could 
not be predicted from the in vitro data. 

The data in table 3 indicate that com- 
pound 22870 is less effective in vitro than 
compound 22008. The toxicity data in 
table 4 however, show that the first com- 
pound is more toxic. The response to in 
vitro inhibition by compound 22008 was 
very similar for the three species, and even 
closer agreement was obtained for 22870. 
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The least effective member of this series 
from the standpoint of all three species 
was 23162 which differs from 22008 by 
having a triazolyl ring in place of a pyra- 
zolyl ring. For the oriental fruit fly 1300 
times as much of the triazolyl compound 
was required for comparable toxicity, but 
for in vitro action the factor was only 20. 
For the Mediterranean fruit fly the factor 
for comparable toxicity was 20 and that 
for in vitro action 30. These data, indi- 
cating the differences between in vitro in- 
hibition and toxicity, suggest that the ac- 
tions of various other biochemical systems 
of the organism with the different chem- 
ical structures are perhaps not qualita- 
tively similar and certainly not quantita- 
tively comparable. 


Table 4.—Lethal effect of certain insecticidal 
materials on the oriental fruit fly, the melon fly, 
and the Mediterranean fruit fly. 








LD (MicroGramMs/GRAM OF 
Bopy WEIGHT) 








Mediter- 
Com- Oriental ranean 
POUND Fruit Fly Melon Fly Fruit Fly 
Para-oxon 0.37 0.53 0.23 
22008 1.31 1.20 4.60 
22870 0.62 0.80 1.97 
23012 96 14 1.81 
23328 200 144 30 
23162 1720 288 96 
19258 117 128 92 





Two of these compounds, 23012 and 
23162, show a marked difference in their 
toxic effects on the three species of flies 
(table 4). About 48 times as much 23012 is 
required for comparable mortality of the 
oriental fruit fly as for the Mediterranean 
fruit fly, while for 23162 the factor is 17. 
With these two compounds the effects on 
the melon fly are intermediate between 
the other two species. The differences be- 
tween the species for the other compounds 
in this series are much less pronounced 
but are in general greater than was ob- 
served for their in vitro effects. 

SUMMARY AND Conciusions.—The ef- 
fects of the concentrations of the sub- 


Roan & Maepba: Enzymes or Turee Fruit Furs 513 


strates acetyl choline (ACh) and acetyl- 
beta-methyl choline (AMeCh) on their 
rate of hydrolysis by the cholinesterase 
(ChE) of the oriental fruit fly, Dacus 
dorsalis, Hendel the melon fly, Dacus 
cucurbitae Coq., and the Mediterranean 
fruit fly, Ceratitis capitata (Wied.), were 
investigated by varying the amount of 
enzyme instead of the amount of sub- 
strate in order to overcome limitations of 
colorimetric procedures. The theoretical 
maximum velocities (Vax) and dissocia- 
tionconstants (A,) for the reaction between 
these substrates and the ChE of these in- 
sects were determined by the graphical 
method of Lineweaver & Burk (1934). 
The concentrations for 22 compounds, re- 
presenting both organic phosphorus com- 
pounds and alkyl carbamic esters, re- 
quired to inhibit 50 per cent of the 
cholinesterase of these insects under in 
vitro conditions were determined and con- 
trasted with the lethal action of selected 
compounds on the three species of insects. 

The results of these investigations indi- 
cate that the enzyme in all three species is 
specific for acetyl choline. The curves for 
the hydrolysis of these substrates indi- 
cate similar maxima, and the data for 
the theoretical maximum velocities and 
dissociation constants are of the same 
order for all three species. These data, to- 
gether with the in vitro reactions of these 
enzymes with the compounds _inves- 
tigated, indicate that the behavior of 
these enzymes is very similar. However, a 
comparison of the in vitro data and the 
toxicity data for eight compounds sug- 
gests that other factors may be of con- 
siderable importance in the in vivo reac- 
tions of these compounds. The differences 
observed in the toxic action of certain of 
these compounds for the three species 
suggest that their biochemistry differs 
considerably even though the in vitro ac- 
tion was of the same order for the different 
organisms. 
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Radiophosphorus in Metabolism Studies in the 
Two-spotted Spider Mite’ 


J. G. Ropricurz, Kentucky Agricultural Experiment Station, Lexington 


Studies dealing with the mineral nutri- 
tion of the two-spotted spider mite, 
Tetranychus bimaculatus Harvey, dem- 
onstrated that a positive correlation 
existed between phosphorus content of 
tomato foliage and the number of mite 
progeny that developed thereon when 
phosphorus ranged from a trace to ap- 
proximately 0.3 per cent, dry weight, of 
the tomato foliage (Rodriguez 1951). 
Since this range of phosphorus is common 
in the host plants of this mite, and since 
phosphorus assumes such an important 
role in the nutrition of this mite, it was 
deemed desirable to attempt to achieve a 
better understanding of phosphorus turn- 
over in the female mite. 

EXPERIMENTAL.— The _ objectives, 
briefly, were to determine phosphorus up- 
take and phosphorus utilization in the 
female mite at various time intervals, by 
employing as many radioactive individ- 
uals as possible but not sacrificing ac- 
curacy for numbers. The fact that plant- 
feeding mites can readily be made radio- 
active has been demonstrated (Rodriguez 
1948). 

Six bean plants of a big-leaf variety 
(Horticultural Dwarf) were grown under 
balanced artificial lights (1000 foot candles, 
16 hours photoperiod) in artificial culture 
in each of two 1-gallon battery jars in the 
laboratory. Three liters of Hoagland’s 
(1950) solution culture? were used per jar; 
iron was furnished in the form of Seques- 
trene NaFe’ at the rate of 10 parts per 
million. When the plants were still in 


the primary leaf stage, 15 millicuries of 
P*® were introduced as PO;in weak HCI to 
one of the jars. Radioactivity of bean 
foliage, as determined by a portable sur- 
vey meter, was considered at a maximum 
5 days after P® introduction and the pri- 
mary leaves were detached from all of 
the plants at this time, and placed in 
water in individual beakers. 

In order to ascertain phosphorus up- 
take in the mite, an average of 30 young 
adult (approximately 1 day old) mites 
were individually selected and introduced 
in groups of five to ten to radioactive leaf 
dises. The dises, having been stamped 
from the primary leaves, were 40 mm. in 
diameter and had an average specific ac- 
tivity (counts per minute per gram of 
phosphorus) of 59.6108; they were 
floated in petri dishes in a substrate con- 
taining 2 per cent sucrose solution as in a 
method previously reported (Rodriguez 
1953). Temperature was maintained at 
26° C.+1 and balanced lighting was con- 
tinuous at 300 candlepower. After feeding 
on radioactive leaf dises for the prescribed 
amount of time, about two-thirds of the 
mites were removed and placed in cupped 
nickel-plated planchets which contained a 
drop of mineral oil, in preparation for ac- 
tivity counting. The remainder of the 
mites were introduced to a non-active leaf 
dise and allowed to feed for 2 hours; at the 


1 The investigation reported in this paper is in connection with 
a project of the comme Agricultural Experiment Station and 
is published by permission of the Director. 

2 Solution No. 1, p. 31. 

3 Geigy Company. 
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end of this time the mites and eggs (1 
egg per mite was common) were also col- 
lected and placed in cupped planchets for 
counting. Because handling was _ time- 
consuming it was often desirable to inac- 
tivate the mites at the end of a feeding 
period; the petri dishes containing the 
mites were refrigerated to accomplish this. 

For the phosphorus utilization phase of 
the experiment, mites were made radio- 
active by being allowed to feed on de- 
tached leaves for 36 hours; at the end of 
this time they were divided into lots as in 
the uptake phase of the experiment and 
transferred to individual non-radioactive 
leaf dises. At the end of any measured 
period of feeding, about two-thirds of the 
mites were again collected for counting 
while the remaining number were trans- 
ferred to a second non-radioactive leaf 
dise, where they were allowed to feed for 
2 hours. At the end of this time the eggs 
were collected and placed in cupped plan- 
chets in preparation for counting; the leaf 
dises with secretions or excretions left be- 
hind by the mites were semi-dried and 
also placed in cupped planchets. 

Counts were taken with a shielded, 
end-window Geiger-Mueller tube with a 
thickness of 1.9 milligrams per square 
centimeter and a background of 25+2 
epm Virtually all of the samples of mites 
were counted within 1 per cent standard 
error; samples of eggs or foliage were of 
lower activity, however, and standard 
error here ranged from 2 to 4 per cent. 
Counts were corrected for coincidence 
loss, decay and background, and were 
finally expressed as counts per minute 
(cpm) per unit. A corollary test to de- 
termine egg production and mite lon- 
gevity was also made under continuous 
lighting, utilizing non-radioactive leaf 
dises to culture the mites. Twenty newly- 
molted females were transferred to in- 
dividual leaf dises and these were then 
transferred every 24 hours to new discs 
and the eggs counted. 

Resutts AND Discusston.—Phos- 
phorus was taken into the body of the 
mite quite rapidly, as witnessed by the 
fact that almost half of the acquired phos- 
phorus was ingested in the first 8 hours 
of feeding (Fig. 1). At least 36 hours 
were required, however, for the female 
mite to approximate full phosphorus 
capacity (2007 cpm). Phosphorus uptake 
after 24 hours (2-day old adult mites) was 
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Fic. 1.—Relationship of P® uptake in the female 
mite body and the egg as evident when activity 
(counts per minute) is plotted against time. 


relatively slow and accumulation occur- 
ring after this period is probably due to 
growth or expansion of this soft-bodied 
species. The phosphorus uptake of the 
eggs laid during this period was shown to 
be an approximate constant with the 
phosphorus uptake of the female mite 
(Fig. 1). At 36 hours the activity reached 
107 cpm per egg. 

Phosphorus was utilized rapidly but the 
rate of utilization of the mite per se was 
less than the rate of uptake since about 
half of the ingested phosphorus was uti- 
lized 20 hours after ingestion and the cpm 
per mite was 1082 (Fig. 2). This is further 
proof that a laying down of tissue oc- 
curred in the young female after the last 
molt; moreover, an apparent increase in 
size was observed as mites aged. It follows 
that eggs produced by the older mites 
tend to be somewhat larger than by 
vounger females and this is further evi- 
denced by higher counts on the eggs as the 
mites aged. 

A comparatively large amount of phos- 
phorus goes into egg production (activity 
was 115 cpm per egg at the beginning of the 
utilization phase); apparently phosphorus 
compounds going into egg-production are 
characterized by a rapid phosphorus turn- 
over since the rate of utilization for the 
eggs is unlike the rate apparent in the 
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Fic. 2.—Relationship of P® utilization in the female 
mite body and some of its processes as evident when 
activity (counts per minute) is plotted against time. 


mite per se (Fig. 2). Hence, in the egg, the 
curves demonstrate that the rate of phos- 
phorus uptake and the rate of utiliza- 
tion are virtually the same. Egg produc- 
tion, then, consumes relatively large quan- 
tities of phosphorus. 

In the corollary test to investigate egg 
production and longevity, it was found 
that female mites cultured under the 
conditions of this test lived an average of 
10.85 days and laid an average of 112.5 
eggs per individual during their lifetime. 
Maximum longevity was 21 days and the 
maximum number of eggs laid by one fe- 
male during a 24 hour period was 20, and 
the maximum total number of eggs laid 
by a female was 184. The over-all daily 
average per mite was 10.3 eggs. Egg-lay- 
ing was negligible for the 24-hour period 
following the last molt but increased 
sharply to an average of 11.1 eggs laid per 
individual during the second day and 
reached a maximum of 16.6 eggs per in- 
dividual during the fifth day. 

The method of culture used in these 
experiments entailed almost a total en- 
closure of petri dishes with resulting high 
humidity, which may have increased 
longevity and total egg production, al- 
though the study of Cagel (1949) showed 
that under his insectary conditions the 
average length of life for nine broods 1 
year was 20.1 days; the total number of 
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eggs laid by these same individuals aver- 
aged 62.1. 

It is of interest that the unit volume 
concentration of phosphorus in the egg 
was approximately three times that in the 
body of the mite. The female mite ap- 
proximates an object prolate spheroid in 
shape, 0.500 mm. in length and 0.300 mm. 
in width, while its egg approximates a 
sphere 0.100 mm. in diameter. The ratio 
of the unit volume mite to egg equals 
about 45:1, while the ratio of phosphorus 
in the mite to phosphorus in the egg, per 
unit, is 15:1. It follows that phosphorus 
turnover is rapid when as many as 20 
eggs per day are laid by a female. It is to 
be regretted that chemical analyses of 
mites and eggs could not be made and 
their specific activity could not be ob- 
tained. Availability of these data prob- 
ably would have assisted in explaining 
and corroborating the causes behind the 
rapid disappearance of phosphorus in the 
first 2 days of the utilization phase of the 
study. 

SECRETIONS AND Excretions.—Other 
aspects of phosphorus utilization can be 
considered as parts of the processs of se- 
cretion and excretion (Fig. 2). In previ- 
ous work (unpublished) the author ob- 
served that mites were apparently 
introducing a phosphorus-containing se- 
cretion into the leaf tissue while feeding; 
this material was also found to be 
translocated within the plant. Blauvelt 
(1945) noted that the unpaired tracheal 
salivary gland discharged onto the up- 
per surface of the stylets. Since the 
stylets are moved vigorously up and 
down in puncturing the plant tissue when 
feeding, it would seem logical that the 
secretion would flow along the stylets and 
would inevitably be introduced into the 
puncture. At any rate, the phosphorus- 
containing secretions absorbed by the 
foliage of bean plants were translocated 
to other parts of plants. It has not been 
possible to determine how much _ phos- 
phorus is utilized in secretion, since fecal 
pellets are covered with a film of fluid 
when voided which may be absorbed by 
the leaf and this factor is likely to be a 
source of contamination; however, excre- 
tion was not considered a separate phase 
of these studies since it was not feasible to 
separate and transfer fecal pellets from 
the leaf to the counting planchet. Never 
theless, it was assumed that once the in 
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gested radioactive plant material was 
excreted, further excretion would produce 
relatively little labelled phosphorus. The 
fact that the “‘secretion”’ curve levels off 
after the first day adds substance to this 
assumption (Fig. 2). The possible detri- 
mental effects of the secretion on leaf 
tissue have not been determined. Such a 
possibility has been considered by some 
workers; Schread (1953) noted that mites 
may inject a toxic substance when feed- 
ing. It is of further interest that phos- 
phorus is apparently utilized by the sali- 
vary gland at a rate quite unlike that of 
the egg and mite body, since the activity 
evident in secretions left on leaf discs 
showed a relatively gradual change in 
rate between the first and tenth day (Fig. 
2). 

Another secretion which is likely to 
contain phosphorus is that of the silk 
glands, of which there are two pairs in 
this species (Blauvelt 1945, Snodgrass 
1948). The process of spinning appears to 
be a behavior which is particularly ap- 
parent when food becomes scarce and the 
urge to move seemingly activates the silk- 
spinning process. 

SUMMARY.—Studies on phosphorus 
metabolism in the two-spotted spider mite 
were made by allowing young adult fe- 
male mites to feed on radioactive bean 
leaves. Radioactivity of mites and eggs 
was determined at intervals over a period 
of 48 hours to determine phosphorus up- 
take. Radioactive mites were transferred 
to non-active leaf discs and activity of 
mites, eggs and discs was determined 
at intervals over a period of 10 days to 
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determine phosphorus utilization. Al- 
most half of the acquired phosphorus was 
taken up by the mite during the first 8 
hours of feeding; full capacity (2007 cpm) 
was achieved at about 36 hours but up- 
take proceeded thereafter at a slow rate, 
due to growth or expansion of this soft- 
bodied mite. The rate of phosphorus up- 
take in the egg was an approximate con- 
stant with the uptake in the mite per se 
(107 cpm maximum). Utilization of phos- 
phorus in egg production proceeded at a 
rate similar to uptake; however, utiliza- 
tion in the mite body was much slower, 
since about 20 hours were required for 
half the phosphorus to be utilized. This 
change of rate is probably due to the 
growth factor as the mite ages. Since the 
ratio of the unit volume mite to egg is 
45:1 and phosphorus in mite to phos- 
phorus in egg was 15:1, phosphorus in the 
egg was three times as concentrated as in 
the mite body. Mites in a corollary experi- 
ment to determine egg production and 
longevity laid a maximum daily average 
of 16.6 eggs during the fifth day; the mites 
lived an average of 10.85 days and laid an 
average of 10.3 eggs per day during this 
time. Egg production, therefore, consumes 
relatively large quantities of phosphorus. 
Non-radioactive leaf discs became radio- 
active when fed on by radioactive mites, 
showing that a secretion contairing phos- 
phorus, thought to originate in the 
tracheal salivary gland, was injected into 
the leaf. Although this material was in- 
troduced into the plant, the possibility 
of the secretion being toxic to the plant 
system was not investigated. 
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Control of the Cranberry Fruitworm on Blueberries! 


Martin T. Hurcuinson, New Jersey Agricultural Experiment Station, New Brunswick 


The cranberry fruitworm, Mineola 
vaccinii (Riley) has been a serious pest of 
cranberries in the United States since 
before 1900. Smith (1905) describes the 
life cycle, and Franklin (1948) notes that 
the insect causes severe damage to cran- 
berries in Massachusetts and Wiscon- 
sin. Although of lesser importance in New 
Jersey, Oregon and Washington, it can be 
destructive in these areas. The first rec- 
ord of Mineola as a pest of blueberries 
occurs in reports of Beckwith to the 
New Jersey Agricultural Experiment 
Station in 1935. Since that time, it 
has also been reported as being an oc- 
‘asionally serious pest of cultivated blue- 
berries in Michigan (Hutson 1944) and 
North Carolina (Fulton 1946). In all 
locations, the abundance of this insect 
has been reported as being cyclical, in- 
dicating control by natural enemies. 

Lire CycLe.—In New Jersey blueberry 
fields, the mature larvae overwinter in the 
soil to a depth of 1 inch. By careful screen- 
ing of soil P. E. Marucci (unpublished 
data, 1952-53) recovered large numbers 
of the sand-coated hibernacula. He found 
that the larvae pupate the following 
spring and that the moths emerge over a 
period of about 2 weeks, beginning the 
third week in May. The plastic, yellow 
eggs are laid on the green berries, prin- 
cipally within the calyx cup, and the 
larvae hatch in 4 to 5 days. The peak of 
oviposition occurs within the first 2 weeks, 
with a smaller number of eggs being laid 
up until the eighth week. Larval entry 
into the berries is not immediate, but 
once having penetrated, the feeding 
larvae pass from berry to berry, webbing 
together as many as a dozen. Infested 
berries color sooner than uninfested 
berries and ultimately shrivel. The crop 
is therefore damaged not only by the 
presence of larvae, but also by the frassy, 
dried up berries that hinder picking. 
Crop losses can be nearly complete, al- 
though this is quite uncommon. Early 
varieties of blueberries are principally 
affected. 

Only one generation per year has been 
noted. This implies that the activity of 
the fruitworm may be delayed on cran- 


- 


v 


berry bogs by the winter flooding, since 
green cranberries are not produced until 
the middle of July, whereas green blue- 
berries are present in late May. Smith 
(1905) outlines the life cycle in New 
Jersey, and Franklin (1948) reviews the 
life cycle on Massachusetts cranberry 
bogs and includes excellent photographs. 

Host plants of this insect in the wild 
are reported as being cranberries, blue- 
berries and huckleberries (Gaylussacia 
spp.). These appear to act as sources of 
reinfestation for blueberry fields and 
cranberry bogs. 

Controt Merasures.—Control meas- 
ures were first applied against this insect 
on cranberry. Smith (1905) recommended 
flooding cranberry bogs just after harvest, 
when the larvae were most susceptible. 
Pyrethrum was found to be moderately 
effective against the fruitworm on cran- 
berry (Franklin 1937) and by Beckwith 
(1941) on blueberry. In 1946, Fulton 
found both eryolite and DDT to be effec- 
tive on blueberry. However, cryolite 
caused some plant injury. Berry (1950) 
reported that ryania was more effective 
than cryolite on cranberry, and in 1951, 
Tomlinson recommended methoxychlor 
for control of this insect on blueberry. 

Experiments in 1953.—A three acre 
blueberry field at Lower Bank, N. J., that 
had been heavily infested with cranberry 
fruitworm during the 1952 season, was 
chosen for this work. The infestation was 
especially heavy because the field was 
maintained in sod instead of being culti- 
vated, which left the overwintering 
larvae undisturbed. 

Ten spray treatments were used, and 
were randomized within each of three ad- 
joining rows of 6-year-old blueberry 
bushes of the Cabot variety. Five bushes 
were used in each plot. Four applications 
were made at 4 to 6 day intervals, be- 
ginning immediately after the first eggs 
hatched. As shown in table 1, the in- 
festation in the untreated plots was such 
that the berries were worthless at both 
first and second pickings. Malathion and 

1 Journal Series paper of the New Jersey Agricultural Experi- 


ment Station, Rutgers University, The State University of New 
Jersey, Department of Entomology. 
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Table 1.—Insecticides for control of the cranberry fruitworm.' 

















POUNDS OF AND REPLICATE 1 REPLICATE 2 REPLICATE 3 Tora 
Per Cent Wet- ———— 
TABLE PowDER Frassy Frassy Frassy Frassy 
Usrep Per Clus- Clus- Clus- Clus- 
‘TREATMENT 100 GAL. Larvae _ ters Larvae _ ters? Larvae _ ters? Larvae _ ters? 
DDT 2, 50 0 Q 4 4 1 : 5 9 
TDE 2, 50 1 6 4 4 0 2 5 12 
Q)-137 2. 50 4 10 6 7 Q 15 12 $2 
Methoxychlor 3, 50 l 1 0 2 0 0 1 3 
Lindane 1, 25 8 29 9 30 21 40 38 99 
Endrin 3 0 1 0 3 0 § 0 7 
Ryania 7, 96-3 9 6 24 20 13 9 46 35 
Parathion 1.5, 15 1 2 0 3 0 Q 1 (4 
EPN 1.5, 27 0 17 2 10 Q 5 4 $2 
Malathion 2, 25 0 1 0 0 1 1 1 2 
Untreated first picking 6/26 10 70 28 54 21 42 59 166 
second picking 7/3 34 72 16 62 8 12 58 146 





! Plants of Cabot variety; 5 plants per plot. Sprays applied May 27, June 2, June 8 and June 12 to run-off. A one-quart sample 
vf ripe berries was taken for evaluation from each replicate, with an average of from 800-1000 berries per quart. Treatments were 








sampled on 6/26, 
2 3-12 berries per cluster. 
3 Used 1 pint of 19 per cent emulsion concentrate. 


methoxychlor gave nearly complete pro- 
tection. This was especially evident, since 
in all cases the malathion plots were ad- 
jacent to the untreated plots. Parathion 
and endrin also gave excellent protection. 
DDT was somewhat less satisfactory, and 
ryania was relatively ineffective. Most of 
the larvae from the ryania plots were alive 
2 weeks after the samples were taken, al- 
though their ability to feed upon treated 
berries appears to have been impaired. 
Analyses of toxicant residues remain- 


Table 2.—Insecticide residues recovered from 
blueberries treated for control of the cranberry 
fruitworm. 





PouNDs 
OF AND 
Per CENT 





ing on the berries at harvest (Table 2) 
were made by Dr. Joseph M. Ginsburg of 
the New Jersey Experiment Station. Resi- 
dues of Q-137, endrin and ryania were not 
analyzed because adequate methods were 
not available. Although heavier than 
normal rainfall occurred prior to the first 
picking, the large number of applications 
allowed considerable accumulation — of 
residue. Under conditions of actual grower 
usage, no more than two applications 
would be used. The sharp drop in residue 
found a week later at the second picking 
probably reflects the dilution of sprayed 


Table 3.—Flavor evaluation of blueberries 
treated for control of the cranberry fruitworm. 








Per CENT 





WETTABLE FLAVOR ACCEPTABLE 
Rien EVALUATION Ratings 
Usepo Dares Torat  Rest- ™ ape R ba dal 
PER 100 Har- Rar DUES ckeheciie. Gaeaena 
ee X Rh es EE Sg I SATE ASTING 
fox mand oe ake, hincitnsane INCHES P. P. M. TREATMENT CHECK 11 JupGeEs! 
DT 2,5 3/26 8.7 3.12 ees Set eo eae ere eee 
— — : “y 1, DD1 Different 70 
je Vv. -f G a hl ») . as 
TDE 2,50 6/26 3.71 15.10 a. IDS Different 80 
7 7/3 3 74 710 3. Q-137 Similar 70 
oo 8 50 6 26 37] 18.86 4. Methoxychlor Different 70 
aie oe . 3 3 74 ll 4 5. Lindane Different 70 
: « 0.4 ot » . : ~ om 
Parathion 1.5,15 6/26 3.71 0.05 6. Endrin Different 10 
7/3 3 74 0.0 ‘fs Ryania (coded a 
EPN 1.5.27 6/26 37] 0.30 check) _ Different 85 
ne as 7/3 3 74 0 22 8. Parathion Different 95 
.: “= — € »pN Fee ~~ 
Malathion 2,25 6/26 3.71 0.0 9. EPN Different pi 
I dines 1. 25 6/26 8 7] 0.0 10. Malathion Different 75 
indane » 2 /* ved , 11. Ryania (uncoded 
check) 100 


Recorded 7 miles away at Bass River State Forest as follows: 
May 30—0.6 inches, May 31—.42 inches, June 1—.40 inches, 
-.25 inches, June 13—1.24 inches, June 15—.42 inches, 

.38 inches, July 2—.03 inches. 


June 7 


June 23 





1 Not to be construed as reflecting general consumer prefer- 
ence, 
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surface by rapid berry growth, since 
virtually no rain fell during this period. 
Flavor evaluation tests of treated 
berries (Table 3) were made by members 
of a trained panel under the leadership of 
Dr. Walter Maclinn of the Food Tech- 
nology Department of the New Jersey 
Experiment Station. The berries had 
been frozen after harvest and were tested 
30 minutes after being removed from the 
freezer. No untreated berries were in- 
cluded in the tests because the extensive 
insect damage made them unfit for con- 
sumption. Berries from the plots treated 
with ryania were therefore used in place 
of untreated berries. Flavor evaluation 
was made difficult because of maturity 
differences among berries within in- 
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dividual samples, and because of the 
toughness of the skins, typical of the 
Cabot variety of blueberry. The principal 
finding was that the berries treated with 
Q-137 had a significantly better panel 
rating than all other samples, and that 
the berries treated with methoxychlor had 
a significantly poorer panel rating than 
samples 2, 3, 5, 6, 7, 8, 9 and 10. 

SumMMARyY.—Ten insecticides were tested 
against the cranberry fruitworm, Mineola 
vaccinii Riley, in a heavily infested blue- 
berry field at Lower Bank, N. J. Mala- 
thion, methoxychlor, endrin and para- 
thion gave outstanding control. Treated 
berries were subjected to residue analyses 
and flavor evaluation. 
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Seasonal Weather Influence on Efficiency of Systox 
Applications for Control of Mites on Lemons 
in Southern California! 


L. R. Jeppson, M. J. Jesser, and J. O. Compirin, University of California Citrus 
Experiment Station, Riverside 


Studies by Metcalf & Carlson (1950) 
and by Jeppson et al. (1952) have shown 
that trunk and foliage applications of 
octamethyl pyrophosphoramide and of 
Systox to citrus resulted in high mortali- 
ties of citrus red mite, Metatetranychus 
citri (McG.), on fruit and foliage. In con- 
tinued field studies, however, there was a 
considerable variation in the effectiveness 
of applications made at different times of 
the year. In fact, trunk applications on 
oranges in January and lemons in January 
and February, 1952, failed to result in 
mortality of mites placed on fruit after 
treatment. Because of the variation in 
control of citrus red mite and citrus bud 
mite, Aceria sheldoni (Ewing), indicated 


by these early tests, it seemed advisable 
to ascertain the degree of efficiency of 
applications made in different months of 
the year in an attempt to correlate results 
with general weather conditions and with 
plant responses to seasonal variations. 

Mareriats AND Meruops.—The ex- 
perimental orchard used in this study was 
located at Escondido, California, and con- 
sisted of 12-year-old Lisbon lemon trees 
on sweet orange rootstock. The grove was 
heavily infested with citrus bud mite on 
May 1, 1952, when the experiment was 
initiated. 

Systox was applied at a dosage of 0.5 


1 Paper No. 800, University of California Citrus Experiment 
Station, Riverside, California. 
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SPRAY TREATMENT 
0.5 OZ. SYSTOX PER TREE ----- 
1.5 OZ. SYSTOX PER TREE —— 
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Fig. 1.—Influence of month of treatment on percentage mortality of adult female citrus red mites exposed 
for 96 hours to lemon fruits picked at intervals after spray applications of Systox at 0.5 and 1.5 ounces of 
active ingredient per tree. (Sprays applied during the first week of month indicated.) 


or 1.5 ounces of active ingredient per tree, 
and applications were made by three dif- 
ferent methods, namely, by foliage spray, 
trunk treatment, or soil treatment. Single- 
tree plots were used, and all treatments 
were replicated four times, with no tree 
receiving more than one treatment 
throughout the course of the experiment. 
Applications were made the first week in 
each month, from May through Decem- 
ber, 1952, and in March and April, 1953. 

Systox spray was applied as a full- 
coverage drench by means of a conven- 
tional high-pressure sprayer, with a re- 
ciprocating pump and manually operated 
spray guns. A 4-pounds-per-gallon formu- 
lation was applied at 8 or 24 fluid ounces 
(the amount depending upon the dosage 
desired) in 100 gallons of water at the 
rate of approximately 12.5 gallons per 
tree. 

Trunk applications were made by 


means of a paint brush. A dosage of 1.33 
pounds of a 4-pounds-per-gallon formula- 
tion? of Systox was applied as an 18-inch 
band around the trunk of the tree. No 
previous preparation of the trunk was 
made, except to remove dirt or other 
obstacles to direct application. 

Systox was applied to the soil by 
emulsifying a 4-pounds-per-gallon formu- 
lation in water in a spray tank and 
applying 150 gallons of the formulation 
to a basin under the trees, the basin being 
equal in diameter to the aerial part of the 
tree. 

The relative efficiency of the Systox 
treatments against citrus red mite was 
evaluated by picking fruits at approxi- 
mately 2-week intervals after application 
and infesting these in the laboratory with 
25 adult female citrus red mites for each 


2 Supplied by the Dow Chemical Company, Seal Beach, Cali- 
fornia. 


















































522 JOURNAL OF Economic ENTOMOLOGY Vol. 47, No. 3 
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Fig. 2.—Influence of month of treatment on percentage mortality of adult female citrus red mites exposed 


for 96 hours to lemon fruits picked at intervals after trunk applications of Systox at 0.5 and 1.5 ounces of 
active ingredient per tree. (Application made during the first week of month indicated.) 


of 8 fruits per treatment. The percentage 
mortality was ascertained after 96 hours’ 
exposure to the treated or check fruit. The 
effectiveness of the treatment in control 
of citrus bud mite was evaluated by 
examining five buds on each of five termi- 


Table 1.—Maximum mortalities of citrus red 
mites exposed for 96 hours to lemon fruits from 
orchard trees in plots receiving soil applications 
of Systox.! 





Per Cent Morta.ity or MITEs 
AT DIFFERENT DosaGEs 


DATE OF 
APPLICATION 
OF SYSTOX TO - 

Sorn, 1952 0.5 Oz./Tree 1.5 Ozs./Tree 


May 27 40) 
June 24 tt 
July 7 81 
August 6 79 
September 13 16 





1 Fruits picked at approximately 2-week intervals after Systox 
applications and infested in laboratory with 25 adult female 
mites for each 98 fruits. 


nals per tree and ascertaining by means 
of 20X magnification the percentage of 
buds infested with live mites. 

Resutts.—The results of laboratory 
assays of the toxicity of fruit from Sys- 
tox-treated trees to the citrus red mite 
are shown in figures 1 and 2 and in table 1. 
Each of the several graphs in figures 1 and 
2 represents the mean percentage mor- 
tality plotted in relation to the number of 
days after application that the toxicity 
of the lemon fruit to citrus red mite was 
evaluated. Results of spray applications 
are shown in figure 1 and results of trunk 
treatments are plotted in figure 2. Maxi- 
mum mortalities resulting from applica- 
tions of Systox to the soil from May to 
September, 1952, are reported in table 1. 
Because of their relative inefficiency, soil 
applications were discontinued after the 
September treatments. 

The relative effectiveness of Systox 


6 A sted till 
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Table 2.—Relative effectiveness of Systox trunk and spray applications on lemon 
trees for control of the citrus bud mite. 








Per Cent Bups InNFEestEeD oN Two Samptine Dates Arrer TREATMENT 





Spray Applications 





Trunk Applications 





0.5 Ounce/Tree 
DATE OF -—- ——— —— 
APPLICATION 





1.5 Ounces/Tree 


11/18/52, 7/8/53 11/18/52 7/8/53 «11/18/52 7/8/53 


0.5 Ounce/Tree 1.5 Ounces/Tree 


11/18/52 7/8/53 











= 1952 
May RT 6 54 RT — RT! ~- 
June R T! -— 11 47 RT — RT! — 
July 14 15 2 48 RT! — RT -— 
August 9 61 3 37 15 63 17 55 
September 7 51 1 20 1 49 2 41 
r October 11 51 Q 55 15 52 0 35 
November 61 62 21 50 11 33 4 29 
December -— 70 _ 36 - 43 - 44 
1953 
March 22 - — -— 20 
April 35 oe — - 35 








1“R T” indicates that trees were re-treated before sampling date. 


treatments in the control of citrus bud 
mite, evaluated on November 18, 1952, 
and again on July 8, 1953, is reported in 
table 2. This table shows the percentage of 
buds infested with citrus bud mite when 
trunk or spray applications of Systox were 
applied at a dosage of 0.5 or 1.5 ounces 
per tree during different months of the 
year. 

Discussion.—-Results of these studies 


control of Planococcus kenyae (LePelley) 
on coffee were less effective than trunk 
treatments. 

The period extending from July to 
October appeared to be least favorable for 
Systox spray treatments. However, a 
relatively high initial mortality of citrus 
red mites resulted, regardless of the month 
applied. When 0.5 ounce was applied 
during this unfavorable period, less than 


*0 indicate that seasonal weather changes 100 per cent mortality resulted, as com- 
influence the absorption, translocation, pared with complete initial mortalities 
- and persistence in toxicity of spray, from applications made November to 
- trunk, and soil applications of Systox. June (Figure 1). Although the dosage of 
The effects of seasonal weather changes 1.5 ounces per tree produced 100 per cent 
ns varied with the method of application. initial mortalities of citrus red mite at all 
of Soil application of Systox resulted in times, the length of the interval after 
less efficient control of mites than either treatment that toxicity persisted was 
ry conventional spray application or trunk — shorter when applications were made in the 
1S- treatment regardless of the time of vear summer than when they were made dur- 
ite in which applications were made. Spring ing the winter months (Figure 1). As this 
1. and summer conditions appeared to be period of least efficiency coincides with 
nd most favorable for absorption of the toxi- — the period when relatively high tempera- 
or cants by the roots and translocation to tures occurred on the day of treatment 
of other parts of the tree (Table 1). Underthe and throughout the month (Table 3), 
ty most favorable summer conditions, how- it appears likely that evaporation during 
‘as ever, the high dosage of 1.5 ounces of application, and subsequent more rapid 
ns active Systox per tree resulted in a maxi- _ loss of surface residues, reduced the quan- 
nk mum mortality of 81 per cent of citrus tity of chemical entering the plant and 
Xi- red mite and in an ineffective reduction thus adversely influenced the efficiency of 
"al- of citrus bud mite populations. Appar- applications made during this period. 
to ently, this type of soil application results When Systox was applied to the tree 
4 in inefficient control of the mites studied. trunks, 7 to 20 days were required for 
oil These results closely resemble those ob- absorption and translocation to the fruit 
he tained by Bond (1953), who found that _ in sufficient amounts to effect a high mor- 
soil applications of Hanane (mainly bis- _ tality of citrus red mite (Figure 2). Trunk 
Ox dimethylamino fluorophosphine oxide) for applications made during November and 











524 JOURNAL OF EcoNoMIC ENTOMOLOGY 


Table 3.—Temperature records for Escondido, 
California (The Church Ranch), during the pe- 
riod of this study.' 








TEMPERATURE, °F, 





Maximum Maximum 





DATE OF 
Systox on Day of for Average 
AppLicaTION ‘Treatment Month Daily 
1952 
May 77 83.5 66.9 
June 72 80.3 66.2 
July 95 93.1 74.7 
August 92 92.9 75.2 
September 91 92.8 75.0 
October 89 84.2 67.7 
November 88 70.5 56.8 
December 65 65.5 52.6 
1953 
January — 71.2 50.4 
February ~- 72.8 55.8 
March 63 72.5 57.2 
April 62 70.5 57.8 





1 Climatological Data, California Section, U. S. Department 
of Commerce, Weather Bureau. 


December resulted in relatively ineffective 
kill of citrus red mite, as compared with 
applications made in the months of March 
through October (Figure 2). 

The less effective results obtained from 
winter trunk applications than from sum- 
mer trunk applications or from winter 
foliage sprays, suggest that trunk absorp- 
tion of the toxicant or translocation 
through the conducting vessels of the 
plant may be less efficient under winter 
conditions. Temperature relationships did 
not appear to be the critical factor in this 
inadequate systemic activity resulting 
from winter trunk treatments. Average 
daily temperatures for November and 
December were 56.8° and 52.6° F., re- 
spectively, whereas the average daily tem- 
peratures for March and April, when 
trunk treatments were relatively effective, 
were 57.2° and 57.8° F., respectively 
(Table 3). Although average daily temper- 
atures are only an indication of total solar 
energy, these comparable temperatures 
suggest that other factors are probably 
operating to reduce the movement of the 
toxicant from the tree trunk to the leaves 
and fruit during the late fall and winter 
months. 

Wedding (1953) has pointed out that 
light intensity, temperature, and relative 
humidity of the surrounding air, as well 
as the amount of available soil water and 
the necessity of a carbohydrate reserve, 
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may be important factors influencing 
translocation in plants. Several of these 
factors appear to be less favorable for 
movement of a systemic insecticide under 
winter conditions than under summer 
conditions. Further study will therefore 
be necessary to evaluate the importance 
of each of the factors responsible for 
variations in efficiency resulting from 
applications made at different seasons of 
the year. 

Comparison of results of summer trunk 
applications (Figure 2) with results of 
summer spray applications (Figure 1) 
shows that trunk treatments during this 
period were more persistent in toxicity 
than sprays. Assuming that weather con- 
ditions would have the same influence on 
the translocated toxicant, regardless of 
the method of application, then under 
warm-weather conditions the loss of toxi- 
cant from evaporation at the time of 
application is greater, and the subsequent 
loss of residues is more rapid, when appli- 
cations are made to the entire tree surface 
than when the concentrate material is 
applied to a relatively small area of the 
tree trunk. 

Evaluation of the results against citrus 
bud mite indicates that Systox is relative- 
ly ineffective against this pest. Summer 
spray applications resulted in only slight 
reduction of populations of this mite, 
whereas fall and winter treatments failed 
to influence bud mite populations measur- 
ably. Inadequate control of citrus bud 
mite occurred from winter trunk treat- 
ments. Summer trunk applications were 
more effective than sprays in bud mite 
control. As indicated above, evaporation 
and residue loss may be factors resulting 
in the ineffectiveness of summer spray ap- 
plications. Metcalf & March (1952) 
showed that OMP®A translocation was 
greatest in the direction of the most rapidly 
growing leaves. It may be that Systox 
likewise concentrates in the young bud 
tissue when distributed through the con- 
ducting vessels but remains more or less 
distributed when applied over the aerial 
parts of the trees as a spray. 

SuMMARY.—Seasonal influences on efli- 
ciency of spray, trunk, and soil applica- 
tions of Systox against citrus red mite, 
Metatetranychus citri (McG.), and citrus 
bud mite, Aceria sheldoni (Ewing), on 
lemon trees are reported. All soil applica- 
tions and winter trunk treatments were 
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relatively inefficient against these pests. 
The toxicity of spray applications of 
Systox to citrus red mite persisted for a 
longer period when applied during winter 
months than during summer months. 
Summer trunk treatments resulted in a 
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longer period of toxicity after treatment 
and more effective reduction of citrus bud 
mite populations than sprays applied 
concurrently. Reasons for variation in 
effectiveness of trunk and spray applica- 
tions with the seasons are discussed. 
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Parasitization of the Salt-Marsh Caterpillar in Arizona 
Epa@ar A. Tayior, Entomology Research Branch, Agr. Res. Serv., U.S.D.A. 


Migrating armies of the salt-marsh 
caterpillar, Estigmene acrea (Drury), occa- 
sionally threaten destruction to fall 
plantings of vegetables in the Salt River 
Valley of Arizona. Large numbers develop 
on cotton, which is one of this caterpillar’s 
principal host plants, but cotton growers 
have not been concerned by its feeding 
during the fall months because some bene- 
fit is derived from defoliation shortly be- 
fore harvest. When their preferred food 
becomes scarce, the larvae migrate to let- 
tuce and miscellaneous other crops. 

The fact that these caterpillars appear 
in damaging numbers only in certain 
years indicates that they have natural 
enemies capable of holding down popula- 
tions for several years after an outbreak. 
It is generally believed that this insect 
has become more abundant in the Salt 
River Valley since 1945. A satisfactory 
explanation of this situation requires a 
knowledge of the kinds of natural enemies 
present and of whether the relationship 
between the salt-marsh caterpillar and 
these enemies has been altered since 1945. 

HisroricaL.—Several species of tach- 
inid (larvaevorid) parasites have been 
reared from salt-marsh caterpillars. Ald- 
rich & Webber (1924) described Zenillia 
reclinata. Webber & Schaffner (1926) re- 
ported Compsilura concinnata (Meigen). 
Kssig’s (1926) list of tachinids includes 
Zenillia (Exorista) eudryae (Townsend), 
Sturmia albifrons Walker, Tachina lar- 
varum (L.) (=Tachina mella Walker,: 


Exorista larvarum (L.)), and Blepharipeza 
adusta Lw. (=Rileymyia adusta (Lw.)). 
Although several writers have stated that 
the caterpillars have been controlled by 
tachinid parasites, they have presented 
no data to verify their claim or to show 
the actual degree of parasitization. 

Species of Hymenoptera reported as 
parasitizing the salt-marsh caterpillar in- 
clude the ichneumonid Enicospilus gla- 
bratus (Say) (= Eremotyles arctiae Ash- 
mead, Essig 1926), the braconid A panteles 
scitulus Riley (= A. rileyanus Ashm., 
Sanderson 1906), and the trichogram- 
matid egg parasite 7T'richogramma minut- 
um (Riley) (Girault 1916). 

Many writers have reported that the 
salt-marsh caterpillar has been controlled 
with arsenicals or cryolite (e.g., Wehrle 
1934, Stracener 1934). Muma et al. (1950) 
reported that BHC, applied at the rate of 
0.2 and 1 pound of the gamma isomer per 
acre, decreased the larval populations but 
that 1 and 2 pounds of technical DDT per 
acre greatly increased the populations. 
The inference was that DDT eliminated 
the natural enemies without seriously 
affecting the host. 

Meruops.—Studies on parasitization 
of the salt-marsh caterpillar were under- 
taken in the Salt River Valley during the 
fall of 1950 and continued through the 
fall of 1951. These studies were made to 


1 Acknowledgment is made to Laurence A, Carruth, Univere 
sity of Arizona, and Orin A. Hills, Entomology Research Branch, 
or helpful suggestions. 
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determine the species of natural enemies 
present and their ability to reduce cater- 
pillar populations. Since cotton fields 
were known to support populations of 
these caterpillars during the fall months, 
observations were directed essentially 
toward this crop. Samples of 50 fifth- 
instar larvae were collected from repre- 
sentative cotton fields at weekly intervals, 
brought into the laboratory, and held in 
l-gallon ice-cream cartons for pupation 
or completion of the life cycle of the para- 
site. Each carton was fitted with a funnel 
and a 4$-pint fruit jar for recovering the 
adult moths and parasites. After approxi- 
mately 45 days the rearing chambers con- 
taining the larvae were opened and exam- 
ined. The per cent of caterpillars that 
did not develop into healthy pupae or 
moths was taken as the per cent parasiti- 
zation. The results of these observations 
are summarized in table 1. 


Table 1.—Parasitization of salt-marsh cater- 
pillars in 50-caterpillar samples collected from 
fields in the Salt River Valley of Arizona. 





NUMBER OF Per CENT 


DATE SAMPLES PARASITIZED 
1950 
Sept. 25-28 3 10 
Oct. 3 l 11 
10 7 46 
Nov. 10 l 15 
22 4 30 
29 Q 50 
Dec. 15 3 90 
20 1 56 
27 3 92 
1951 
Jan. 9-10 Q 96 
Sept. 5-7 3 9 
13 1 2 
28 ] 2 
Oct. 4 2 2 
11 2 4 
17-18 8 2 
24-26 6 4 
31 5 6 
Nov. 7 4 8 
14-15 5 20 
21-23 { 38 
28-29 4 27 
Dec. 6 l 67 





Parasires.—Four tachinid species and 
one hymenopteran species were reared 
from larvae and pupae of salt-marsh 
caterpillars by these methods. The tach- 
inid flies were determined by the Division 
of Insect Detection and Identification, 
Bureau of Entomology and Plant Quar- 
antine, as Exorista larvarum (L.), Riley- 
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myia adusta (Lw.), Gymnocarcelia sp., 
and Achaetoneura archippivora (Will.). 
The hymenopteran was Ichneumon neu- 
tralis Cress., several specimens of which 
were reared. FE. larvarum and R. adusta 
were by far the most predominant species 
reared. 
Exorista larvarum, a slender, greyish- 
black fly, varies considerably in length 
(7-13 mm.) depending upon the food sup- 
ply. From one to four individuals were 
reared from a single host, but where sev- 
eral flies emerged from one caterpillar the 
individuals were smaller. . larvarum lays 
a macrotype egg, which is white, oblong, 
and hemispherical and measures approxi- 
mately 1 mm. in length and 0.5 mm. in 
width. The female fastens the egg to the 
skin of the caterpillar while facing the 
body, making contact with the tip of the 
abdomen, which is drawn forward be- 
tween her front legs. The female usually 
attacks the larger larvae and has been 
seen attacking larvae migrating across 
plowed ground or trapped along barriers, 
as well as those feeding upon plants. Ap- 
parently the females are unable to dis- 
tinguish between parasitized or unpara- 
sitized caterpillars, because from 20 to 25 
eggs may be placed on an individual host 
caterpillar. 

Rileymyia adusta is a large, robust fly, 
7 to 14 mm. long depending on its food 
supply. It lays a microtype egg on plant 
foliage. It is usually found in association 
with host larvae that are feeding upon 
plants, never with those that are migrat- 
ing across open ground or present along 
barriers. Dissections of females indicate 
that this fly is capable of laying several 
thousand eggs. Work of Townsend (1908) 
and others has shown that the microtype 
eggs of the species of tachinid flies that 
oviposit on leaves are eaten by the host. 

OBSERVATIONS IN 1950.—Most all the 
parasites found in 1950 were Exorista 
larvarum and Rileymyia adusta. Parasitiza- 
tion in the cotton fields was lower in 
September than in October and Novem- 
ber. By November parasitization had in- 
creased, but cotton was no longer at- 
tractive to the caterpillars and very few 
remained in cotton fields. Sampling of a 
later brood of caterpillars, which devel- 
oped in sugar beets in November, indi- 
vated that parasitization was low initially 
but increased to a high degree within a 
month. 
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Salt-marsh caterpillar infestations were 
spotty but not severe in 1950. Neverthe- 
less, the data indicate that the two tach- 
inid flies were capable of inflicting a high 
degree of parasitization upon the salt- 
marsh caterpillar, although approximately 
1 month was required for either species to 
hecome fully effective. Because no in- 
secticides were applied to any fields while 
the 1950 observations were being made, 
the data show the potential of the para- 
sites during a year of low density popula- 
tions of the insect host. 

OBSERVATIONS IN 1951.—Previous to a 
widespread outbreak in 1951 observations 
were begun on the brood of salt-marsh 
caterpillars that matured in cotton during 
August. By the latter part of September 
caterpillar populations had become ex- 
tremely high in many cotton fields, and it 
was apparent that the September brood 
was distributed over the entire Salt River 
Valley. 

The data in table 1 indicate a low para- 
sitization of the salt-marsh caterpillar. 
Exorista larvarum and Rileymyia adusta 
were the only parasites reared from the 
caterpillars, and they were the same spe- 
cies that accounted for high parasitization 
in 1950. In some of the cotton fields heavy 
caterpillar populations persisted until the 
plants were completely defoliated, after 
which time the larvae migrated and sam- 
pling observations had to be discontinued. 
Parasitization in all fields was very low 
initially and remained low throughout 
October and most of November. In late 
November parasitization increased in 
those fields that still had populations 
available for sampling. 

A cotton field in the Deer Valley area 
northwest of Phoenix had a moderate 
population of caterpillars on September 
5, and 24 per cent of the fifth-instar lar- 
vae were parasitized. Shortly after the 
first sampling this field received an air- 
plane application of a dust containing 15 
per cent of toxaphene and 5 per cent of 
DDT at the rate of 30 pounds per acre. 
Good control of the caterpillars resulted 
from this treatment, and the insects did 
not again build up sufficient numbers for 
sampling until October 17. Parasitization 
increased in this field, reaching a peak 
of 82 per cent approximately 1 month 
later, on November 21. It is noteworthy 
that this was the only fie'd of cotton 
studied that was not completely defoli- 
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ated. The timely application of toxaphene 
and DDT held the caterpillars in check 
for more than 30 days, and thereby pre- 
vented injury to adjacent fields of lettuce. 
The parasitic flies were undoubtedly af- 
fected by the insecticide, but eventually 
recovered in sufficient numbers to bring 
about a high degree of parasitization and 
mortality of the hosts. 

Since salt-marsh caterpillars had been 
noted to be present in fields of castor 
beans, one field was included in the 1951 
observations. The caterpillar population 
was not heavy in this field, and numbers 
dwindled as the season progressed, until 
by October 18 sampling was discontinued. 
Parasitization was low; therefore, para- 
sites were not a major factor contributing 
to the reduction of caterpillars in this 
crop. 

The rearing data clearly indicate that 
the two tachinid flies that inflicted a high 
degree of parasitization in 1950 were not 
present in adequate numbers to have 
much effect on the caterpillar population 
in 1951. Sampling of the brood of cater- 
pillars that developed in cotton during 
August was limited to the three samples 
taken on September 5 to 7. Data for 
these three samples indicated that the 
August brood was affected by a very low 
degree of parasitization and later pro- 
duced the moths responsible for the heavy 
infestations of caterpillars that defoliated 
the cotton in October and November. 
The widespread outbreak that developed 
from a moderate August brood is further 
evidence that this brood was not greatly 
affected by parasites. 

Tests witH INSsEcTICIDES AGAINST 
Tacuinip Fires.—To determine the ef- 
fect on the tachinid parasites of some of 
the insecticides used to control cotton in- 
sects, four tests were run against adults 
of Exorista larvarum and Rileymyia adusta 
during the fall of 1950. These two species 
were reared in quantities from salt-marsh 
caterpillars collected in the field. Screen 
cages 33 inches in diameter and 63 inches 
high were used in these tests. Each cage 
was equipped with a cloth wick soaked in 
diluted honey to provide food for the 
flies. All insecticides were tested as dusts 
prepared in the laboratory. The cages 
with the food in place were dusted in a set- 
tling chamber just before the flies were in- 
troduced. Applications were made with a 
microduster at the rate of 0.25 gram per 
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square foot, which is equivalent to ap- 
proximately 30 pounds per acre. 

Table 2 shows that all the insecticides 
tested gave high kills of these flies. Ten- 
per cent DDT gave a significantly higher 
kill than 15-per cent toxaphene 4 hours 
after treatment, but there were no differ- 
ences after 6 and 24 hours. Five-per cent 
DDT and 15-per cent toxaphene had the 
same effect 4, 6, and 24 hours after treat- 
ment. In test No. 3 a small quantity of 


Table 2.—Mortality of adult tachinid parasites 
placed in cages dusted with insecticides, 1951. 








Per Cent Morta.ity 
INSECTICIDE AFTER— 
(FIGURES IN ~ ———- ———-——___—_ 
Per CENT) 4 Hours 6 Hours 24 Hours 


Test No. 1, 5 replicates of 6 flies each 


Toxaphene 15 40 70 93 
DDT 10 97 97 100 
Untreated check 10 17 43 
L.S.D. (0.05%) 28 33 17 
Test No. 2, 3 replicates of 6 flies each 
Toxaphene 15 38 60 88 
DDT 5 43 43 100 
Untreated check 0 0 17 
L.S.D. (0.05%) 1 37 25 
Test No. 3, 3 replicates of 5 flies each 
BHC, gamma 2 100 100 100 
Parathion 2 80 86 100 
Dieldrin 2 72 92 100 
Aldrin 2 32 80 100 
Untreated check 12 54 100 
L.S.D. (0.05%) 18 2 2 
Test No. 4, 3 replicates of 5 flies each 
Aldrin 2 12 52 100 
Dieldrin 2 66 86 100 
Parathion 2 80 86 100 
Untreated check 0 0 0 
L.S.D. (0.05%) 26 28 2 





1 Not significant by the F test. 
2 Data not analyzed statistically. 


BHC (12 per cent gamma) was spilled 
just before the experiment was set up. 
The air in the laboratory was undoubtedly 
contaminated, for all the flies were killed 
together with those in the rearing cabinet 
This demonstrated the highly toxic effect 
of BHC on the adult parasites. In test 
No. 4 aldrin gave a significantly lower 
mortality than dieldrin and parathion 
after 4 and 6 hours, but all dusts were 
equally effective after 24 hours. 

Tests witH Insecticipes AGAINST 
PARASITIZED SALT-M AarsH CATERPILLARS. 
—A laboratory test with toxaphene and 
DDT was conducted against parasitized 
fifth-instar salt-marsh caterpillars col- 
lected from sugar beets on January 11, 
1951. Parasitization of the larvae in this 
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field had previously been determined by 
rearing, to be 100 per cent. Ezorista 
larvarum and Rileymyia adusta accounted 
for this high parasitization, the latter be- 
ing the predominant species at a ratio of 
3:1. To further assure that only parasit- 
ized larvae were used in this test, only 
those that had one or more macrotype 
tachinid eggs attached to the skin were 
used. 

This test consisted of four treatments 
each replicated four times. Each replicate 
consisted of 10 caterpillars confined in 
wide-mouth quart Mason jars. The bot- 
toms of the jars were covered with 2 inches 
of peat moss, and the tops were equipped 
with screen lids. These caterpillars were 
fed lettuce leaves that had been sprayed 
with toxaphene, DDT, or a mixture of 
both insecticides, 1 pound of each toxi- 
cant to 20 gallons of water. Leaves were 
sprayed until thoroughly covered and 
then shaken to remove excess spray. Un- 
treated leaves were fed to a check series 
of caterpillars. Adequate amounts of 
freshly treated leaves were made avail- 
able to these larvae during a 3-day period, 
after which untreated fresh leaves were 
added as needed until all activity within 
the jars had ceased. 

Table 3 shows that the parasitized 
‘aterpillars exposed to the toxaphene and 
toxaphene-DDT treatments did very 
little feeding, while those exposed to the 
DDT treatment and the untreated check 
consumed more than three leaves each. 
Significantly fewer tachinid flies emerged 
from both the toxaphene and toxaphene- 
DDT treatments than from the DDT 
treatment, although all the insecticides 
reduced the number of tachinid flies 
emerging significantly below the numbers 
emerging from the untreated check. 

Discusston.—There appears to be a 
relationship between the increased im- 


Table 3.—Effect of insecticides on parasites 
within the body of the salt-marsh caterpillar. 











MEAN NuMBER OF EMERG- 





MEAN ING INSECTS 
NUMBER 

OF Parasites 
LEAVES _— eee 
Con- 


SUMED Moths larrarum  adusta 


TREATMENT! 





Toxaphene 0.4 0 1.0 1.0 
Toxaphene and DDT 0.1 0 1.8 2.5 
DDT 3.3 0.8 4.0 8.2 
Untreated check 3.8 0 5.2 15.5 

L.S.D. (0.05%) _ _— 0.7 2.7 





1 Four replicates. 
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Table 4.—Millions of pounds of insecticides applied to cotton in Arizona, 1945-1951.! 














INSECTICIDE 
(Figures in Per Cent) 1945 1946 1947 1948 1949 1950 1951 
Paris green 7.5, 15 2.3 — — — —_ — — 
DDT, 5, 10 a 5.0 9.0 10.2 12.6 12.0 22.5 
DDT 5 plus— 
BHC, gamma 2 -- — oe 1.2 3.6 6.0 #1 
Toxaphene 10, 15 oa = — 0.6 1.8 2.0 3.9 
Other materials such as 
aldrin 2 or dieldrin 2 ~- — a — con o- 1.5 
All insecticides 2.3 5.0 9.0 12.0 18.0 20.0 30.0 





1 Furnished by J. N. Roney, Extension entomologist, University of Arizona. 


portance of the salt-marsh caterpillar, the 
increased cotton acreage, and the in- 
creased use of insecticides (almost en- 
tirely chlorinated hydrocarbons) by Ari- 
zona cotton growers from 1945 to 1951. 
During this period cotton acreage in- 
creased from 155,502 acres to 539,247 
acres. Insecticides have seldom been ap- 
plied for control of the salt-marsh cater- 
pillar on cotton, since this insect usually 
occurs in abundance only during the fall 
months when frosts are expected and de- 
foliation is desired. If they have caused 
any reduction of these caterpillars in cot- 
ton, it has been coincidental with the 
chemical control of other insects consid- 
ered more detrimental to this crop. 

As shown in table 4, the quantity of 
insecticides applied to cotton in Arizona 
increased 13-fold from 1945 to 1951. In 
1945 paris green was practically the only 
insecticide applied. Since 1946 almost all 
the insecticides have contained DDT. 

Arsenicals have been recommended for 
the control of the salt-marsh caterpillar. 
DDT, on the other hand, has been shown 
to be ineffective against this insect (‘Table 
3, Muma et al. 1950). DDT and other 
chlorinated hydrocarbon insecticides used 
on cotton have been shown to be highly 
toxic to the two tachinid flies that are ef- 
fective parasites of this caterpillar (Table 
1). The increased use of DDT for con- 
trolling other insects affecting cotton un- 
doubtedly bas adversely affected the nat- 


ural enemies of the salt-marsh caterpillar. 
Thus an environment created by the use 
of this insecticide on the primary host 
plant has produced conditions favorable 
for high populations of the salt-marsh 
caterpillar. 

SumMaAry.—The salt-marsh caterpillar, 
Estigmene acrea (Drury), damages fall 
vegetable plantings in Arizona. The insect 
has become more abundant since 1945. 
To account for this situation, a study was 
made of the natural enemies of this cater- 
pillar. 

Two species of tachinid flies, Exorista 
larvarum (L.) and Rileymyia adusta (Lw.), 
caused a high degree of parasitization of 
fifth-instar caterpillars in the field. Lab- 
oratory tests indicated that adults of both 
species were readily killed by insecticides 
commonly applied to cotton in Arizona. 
Limited experiments indicated that DDT 
killed the tachinid parasites within the 
caterpillars, thus permitting the latter to 
live and complete their normal develop- 
ment. This evidence strongly suggests 
that the widespread use of DDT on cot- 
ton has reduced the parasite population. 
However, this insecticide has very little 
direct effect upon the caterpillar. The re- 
lationship between the insect host and its 
natural enemies appears to have thus been 
altered by external factors to favor the 
development of high populations of the 
host. 
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Control of Greenhouse Whitefly and Other Insects on 
Beans in Hawaii! 


MarTIN SHERMAN, Mrnorv TAMASHIRO AND Epwarp T. Fuxunaaa,? University of Hawaii, 
Agricultural Experiment Station, Honolulu 


The greenhouse whitefly, 7rialeurodes 
vaporariorum (Westw.), the bean leaf- 
hopper, Empoasca solana De Long, and 
the bean pod borer, Maruca testulalis 
(Geyer) are among the most damaging in- 
sect pests of green beans in Hawaii. Dur- 
ing 1952 and 1953, several experiments 
were conducted on the islands of Hawaii 
and Oahu to determine the efficacy of a 
number of organic insecticides in control- 
ling these insects. In all of the experiments 
the Hawaiian Wonder variety of pole bean 
was used. 

WuitEFLy Contrrot Srupres.—Four 
small-plot experiments were carried out 
against the greenhouse whitefly. In ex- 
periment 1, each plot consisted of three 
rows 25 feet long. The rows were spaced 
4 feet apart and there was a 5-foot un- 
planted space between the plots along the 
rows. In the other three experiments, each 
plot was a single row 10 feet long. The 
rows were spaced 8 feet apart and there 
was a 5-foot unplanted space between the 
plots along the rows. Each plot contained 
one hill per foot of row with two plants in 
each hill. 

The infestation data were based on 
counts of the nymph population. Starting 
with the third plant in the row a total of 
either 10 or 20 terminal leaflets of approxi- 
mately the same age were taken at 
random from each plot. Since it was im- 
practical to count all of the nymphs on 
each leaf, a subsampling procedure was 
used. Four circular impressions were made 
at random on each leaf using a No. 10 cork 
borer. The total area per leaf encom- 
passed by these impressions was 1018 
mm. This area on each leaf was examined 
and the number of nymphs tallied. The 


insecticides were applied by knapsack 
sprayer. 

Experiment 1 (Kona, Hawaii).—The 
experimental field consisted of 48 plots 
and was planted on April 25, 1952. The 
whitefly infestation was late in becoming 
established in the experimental area. Al- 
though farmers in the Kona area were 
faced with a whitefly problem by June 
23, it wasn’t until July 17 that the experi- 
mental plots became sufficiently infested 
to warrant spraying. 

Fifteen treatments were applied and 
were replicated three times. The following 
insecticides were used: as wettable pow- 
ders—parathion, DDT, methoxychlor, 
chlordane, toxaphene, and dieldrin; as 
emulsifiable concentrates—toxaphene, and 
aldrin. The concentrations at which these 
insecticides were applied on June 23, 
July 30, and August 6, and the results of 
the treatments are given in table 1. 

Parathion at 1 pound of the 25 per 
cent wettable powder per 100 gallons 
gave the best control. Although the pre- 
spray infestation (July 17) in the para- 
thion plots was high, the infestation de- 
clined through August 12, but began to 
build up again by August 21. 

Parathion, DDT, methoxychlor, diel- 
drin, and chlordane at 4 pounds of formu- 
lation per 100 gallons, toxaphene suspen- 
sion at 5 pounds of formulation per 100 
gallons, and aldrin emulsifiable concen- 
trate at 1:400 significantly reduced the 
nymph population over that found in the 


1 Published with the approval of the Director of the Hawaii 
Agricultural Experiment Station as Technical Paper No. 314 

2 The authors are indebted to Dr. D. C. McGuire of the 
Vegetable Crops Department, H.A.E.S., and Yosoto Egami for 
their cooperation in this study. 
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untreated plots on August 12. However, 
15 days after the last spray application, 
the infestation had appreciably increased 
n all of the plots except those treated 
with 1 pound of 25 per cent parathion per 
100 gallons. 

Experiment 2 (Poamcho, Oahu).—The 
experimental area consisted of 60 plots 
which were planted on December 16, 
1952. Nine treatments were applied and 
were replicated six times. The following 
wettable powder insecticides were in- 
cluded in this experiment: toxaphene, hep- 
tachlor, EPN, and a combination of DDT 
plus sulfur. The concentrations at which 
these materials were applied on March 5, 
17, and 23, and the results of the treat- 
ments are given in table 2. On March 17, 
the untreated check plots were sprayed 
with Aramite at the rate of 2 pounds of the 
15 per cent wettable powder per 100 
gallons to reduce an infestation of Te- 
tranychus bimaculatus Harvey. 

Heptachlor gave the poorest control 
while the use of EPN resulted in excellent 
protection. DDT-sulfur-treated plants 
had tough, thickened leaves. On April 20, 
1 month after treatment, the condition 
of the plants in the field was observed. 
The untreated plots had great numbers of 
red spider mites, leafhoppers, and white- 
flies. EPN-treated plants were in the best 
condition and had very low infestations of 
insects or mites. Heptachlor-treated 
plants on the other hand were very seri- 
ously damaged by mites. 


Table 1.—Insecticide tests against the green- 
house whitefly on pole beans (Experiment 1). 








AVERAGE NUMBER? OF 
NYMPHS PER LEAF SAMPLE 
(1018 mm.) 


| Pounpbs Pre- 
| per 100| spray | August August 
INSEcTICIDE! Gats. | July 17 12 21 

Parathion 25% w.p. l $81 27 102 
0.5 283 65 1276 

loxaphene 71° emul. | 1:800 265 260 1178 
1:1600 420 416 1590 

Toxaphene 40% w.p. 5 $55 31 827 
2.5 563 9 2396 

DDT 50°% w.p. 4 324 138 748 
2 713 173 1808 

Methoxychlor 50% w.p. 4 202 81 1378 
Chlordane 50% w.p. $ 217 110 1331 
2 802 240 2131 

Aldrin 25°% emul. 1:400 208 132 1038 
1:800 193 348 1766 

Dieldrin 25% w.p. t 443 179 1563 
2 218 409 1194 

Untreated — 90 486 2361 

L.S.D. (19:1): 281 








Dates of application: July 23, July 30, and August 6, 1952. 
> To nearest whole number. 
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Table 2.—Insecticide tests against the green- 
house whitefly (Experiment 2). 








AVERAGE NUMBER 
oF NYMPHS PER 
Lear SAMPLE 

| (1018 mm.?) 





| Pounps |——— 
PER 100} March | April 
INSECTICIDE! Gats. | 30 | 18 

Toxaphene 40% w.p.| 2.5 | 11.2 15.6 
1.25 19.8 | 38.8 

Heptachlor 25% w.p.| 8 14.6 | 11.0 
4 63.6 | 145.8 

2 | 34.0 37.9 

DDT 50% w.p.4+S | 445 23 .2 9.6? 
2+5 | 17.7 7 .& 

EPN 27% w.p. | 3.7 | 4.4 0.58 
1.9 9.3 4.88 

Untreated -- 31.9 43.1 





1 Dates of application: March 5, 17, and 23, 1953. 


2 Significant at 5 per cent level. 
8 Significant at 1 per cent level. 


Experiment 3 (Kona, Hawaii).—The 
experimental field consisted of 80 plots 
and was planted on February 20, 1953. 
By March 18, the whitefly infestation 
had become great enough to warrant 
spraying. Nine treatments were applied 
and were replicated eight times. The fol- 
lowing wettable powder insecticides were 
used in this experiment: DDT plus sulfur, 
parathion, toxaphene, methoxychlor plus 
sulfur, lindane, and chlordane. The con- 
centrations at which these materials were 
applied on March 31, April 7, and April 
14, and the results of the treatments are 
given in table 3. 

Leaf samples were collected prior to 
spraying the plots and collections were 
continued through June 2. The leaves 
were picked at a height of 3 to 4 feet 
from the ground. 

Although the infestation in the un- 
treated plots continued to increase 
throughout the period of observation, the 
whitefly infestations in the treated plots 
had decreased tremendously by April 21. 
On May 12, the population was still fairly 
low in the parathion, toxaphene, methoxy- 
chlor, and chlordane plots but was in- 
creasing. Since the plants were fairly 
young when the initial three spray ap- 
plications were made, leaf samples were 
also taken on May 12 from the tops of the 
plant, an area which had received no 
spray. This was done to compare the 
whitefly population in these two regions 
of growth. The top growth had a higher 
population of whiteflies than did the 
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Table 3.—Insecticide tests against the greenhouse whitefly on pole beans (Experiment 3). 




















AVERAGE NUMBER? OF NYMPHS PER LEAF SAMPLE | Pounps? 
(1018 mm.) | PER 160 
Pounps | | PLANTS 
| PER 100 | Pre-spray | (4/24- 
INSECTICIDE! Gaus. |March31_ April 21 | May 12 | May 123 | May 26 | May 26 | 6/12) 
DDT 50%+S5 | 4+5 | 658 11 159 | 396 404 510 188 
DDT 50%+5 | 2@+5 | 642 15 217 567 436 518 176 
Parathion 25% | 1 | 880 0.14 | 954 | 351 164 244 240 
Parathion 25% | 56 | 609 0.3¢ | 74 | 390 135 734 245 
Toxaphene 40% | 5 | 773 0.84 164 299 188 326 211 
Toxaphene 40% | 2.5 | 784 7 63! | 673 361 332 202 
Methoxychlor 
50%+8 +5 798 2 119 | S874 | A477 526 190 
Lindane 25% 1 541 8 201 | 508 | 494 | 406 211 
Chlordane 50% $ 580 | «(10 102 565 | 243 | 314 224 
Untreated _ 642 | 904 1195 1776 «| «1149 1268 73 
L.S.D. (19:1) 24 
32 


(99:1) 





1 Applied as wettable powders March 31, April 7, April 14, May 18, 1953. 


2 To nearest whole number where values are more than 1. 


* Leaf samples taken from very top of plants. All other leaf samples taken 3 to 4 feet from ground. 
4 Best treatments. Significantly better than other treatments at 5 per cent level. 


general region which had received sprays. 
Therefore, the plants were sprayed again 
on May 18. This second series of sprays 
resulted in a further decrease in infesta- 
tion only in the parathion plots. 

Yield data were taken throughout the 
course of this experiment. The beans were 
harvested three times per week from April 
24 to June 12. Table 3 summarizes these 
data. All of the plots which received in- 
secticidal treatment had __ significantly 
greater yields than the untreated plots. 
In comparing the yield between treatments 
the following order occurred: parathion > 
chlordane = lindane > toxaphene > DDT = 
methoxychlor. It was noted that the 
DDT-sprayed leaves were thicker and 
coarser than the leaves from _ plants 
sprayed with the other insecticides. This 
apparent phytotoxicity may have con- 
tributed to the low yield of the DDT- 
sprayed plots. 

The bean leaves in the untreated plots 
were covered with sooty mold due to the 
high population of whiteflies present. 

Experiment 4 (Kona, Hawaii).—The 
experimental field consisted of 72 plots 
and was planted on June 19, 1953. By 
July 8, although the plants were less than 
1 foot tall, they were so heavily infested 
with whitefly eggs that control measures 
were initiated. Nine treatments were ap- 
plied and were replicated four times. 
Each of these treatments was made under 
two schedules, A and B. The insecticides 


in schedule A were applied three times at 
weekly intervals on July 9, 15, and 22. 
The insecticides in schedule B were applied 
three times at biweekly intervals on July 
9, 22, and August 5. The following wet- 
table powder insecticides were used in 
this study: parathion, malathion, CS-708 
and EPN. The concentrations at which 
these insecticides were applied and the 
results of the treatments are given in 
table 4. 

The infestation in the untreated plots 
although it fluctuated remained high un- 
til August 26 when it dropped sharply. 
However, by September 9, the infesta- 
tion had risen again. There was a faster 
drop in infestation in the treated plots 
of schedule A than in those of schedule B 
but by July 29 all of the insecticide- 
sprayed plots had low nymph popula- 
tions. The September 9 count showed a 
sharp increase in the infestation in the 
treated plots. In general, the protection 
afforded by schedule A was greater than 
that of schedule B. By September 9, 
EPN, parathion, and malathion gave good 
protection when applied under schedule 
A, while only EPN was effective under 
schedule B. 

The beans were harvested three times 
per week between August 12 and Sep- 
tember 14. The yield data are summarized 
in table 4. All treated plots yielded higher 
than the untreated plots except the plots 
sprayed with malathion at 4 pounds per 
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Table 4.—Insecticide tests against the greenhouse whitefly on pole beans (Experiment 4). 
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| | AVERAGE NUMBER OF NYMPHS PER LEAF Pounps? 
Insecticioe | Pounps | Pre-SPRAY SAMPLE (1018 mm.?) PER 80 
(WETTABLE PER 100 | JuLy 8% |———__—__ — PLANTS 
PowpeErs) GALs. | Eaes July 22 | ie 29! Aug. 12 & Se enced 9 | (8/12-9/14) 
Schedule A (treatments applied ary 9, 15, oa 22) 
Parathion 25% 0.5 1486 | 0.6 | 0 1.2 170 96 
Malathion 25% + 1455 15.9 0.2 0.5 42 85 
2 1629 58.0 0.6 1.3 155 85 
1 1594 | 41.5 | 4.1 1.7 67 87 
CS-708 25% + | 1420 11.8 | 6.9 10.2 271 111 
2 | 1834 54.0 | 8.0 | 33.8 149 83 
EPN 27% 4 | 1589 c- | oe. Nee 70 | WM 
2 1465 0.2 0 0.4 50 | 102 
Untreated — 1641 399.1 305.0 | 131.6 390 62 
S.D. at 5 per 
cent level: 82.6 — 68.4 185 19 
Schedule B (treatments seine’ Sey 9, 22, aad hie: 5) 
Parathion 25% 0.5 1481 | 49.0 6.8 | 0.1 105 103 
Malathion 25% + 1420 135.6 20.9 $7.2 133 75 
Q 1229 21.4 4.7 21.4 181 92 
1 1322 102.7 2.7 $5.2 195 81 
CS-708 259 t 988 | 83.0 | 0.9 20.7 446 88 
2 1483 | = 113.6 10.0 218.3 572 90 
EPN 27% 4 1418 | 23.3 0 0 18 95 
g 1207 | }.7 0.3 0.1 29 96 
Untreated — 1204 430.4 306.4 335.9 250 61 
L.S.D. at 5 per 
cent level: 82.6 — 68.4 185 19 





' No significant difference between treatments. All treatments resulted in significantly lower infestations than in untreated checks. 
2 To nearest whole number, 


Table 5.—Insecticide tests against Maruca testulalis on pole beans. 1953. 








INSECTICIDE 
(WETTABLE 
PowDERs) 


{ 


| Per Cent Pops INFESTED 


Pounps | 
PER 100 Before | 
GALs, Treatment | 2 





DDT 50%+S 
-arathion 2 5% 


Toxaphene 40% 


Methoxychlor 50% 


Lindane 25% 
Chlordane 50% 
Untreated 


DDT 50%+S 


Methoxychlor 50% 


CS-708 


Cryolite 90% 
Malathion 25% 


Untreated 


| 


445 | Q7 | 24 
2+5 | 26 10 
1 34 14 

5 29 18 
5 29 18 
2.5 39 17 
4 27 26 
1 30 12 
4 41 | 24 


— 21 58 





Experiment 2 (2 natin ations, 
4+5 | 28 | — 
2+5 26 

23 : 
21 
24 | 
28 
25 
24 
30 
22 


| bt 20 OW 00 tO 


| Or or 


Days After Treatment 


‘ 


Experiment 1 (1 application, May 18) 


‘April 21 and 27) 


| v 


Orne OO mt tO D&O? 


— 


t © © © 20 © 0 2D 


« 


~ 
— 


1 OO me et me OO 0 20 


_ 
en 6h & 
Wwe 











534 JOURNAL OF Economic ENTOMOLOGY 


Table 6.—Insecticide tests against the bean 
leafhopper on pole beans. 








| | Average NUMBER OF 
NYMPHS PER LEAF 
| Weeks After 
Pounps | Before Treatment 
PER 100 | Treat- -— 
INSECTICIDE | Gas. | ment 1 2 
Experiment 1 (applications, August 15 and 21, 1952) 
4 replications 


Aldrin 23°% emuls. 11-400 | 9.4 39.1 | 15.9 
| 1-800 17.8 40.3 | 16.2 

Dieldrin 25% w.p. 4 12.7 18.5 | 14.2 
2 9.7 22.3 11.0 

Chlordane 50% w.p. 4 10.6 23.5 19.6 
2 16.1 $4.1 14.1 

CS-708, 25°% w.p. 8 12.0 3.1 0.9 
Endrin 10% w.p. 10 14.3 4.7 1.3 
Isodrin 10°% w.p. 10 9.8 6.1 1.0 
Untreated - | 18.8 39.6 19.6 
L.S.D. (19:1) 15.9 7.9 


Experiment 2 (applied, Jan. 29, 1953) 9 replications 


Parathion 25% w.p. 1 | 2.7 0.8 
0.5 4.5 2.1 
Metacide 31% emuls. 1-400 2.9 1.2 

| 1-800 3.0 3.3 z 

NPD! 25% w.p. | @ 3.4 5.1 —_ 
| 3.5 5.4 

Systox emuls., 2 Ibs./ | 1-800 3.4 2.5 - 
gal, 1-1600 2.6 3.4 

Untreated _ 3.2 8.3 —- 
1.8 


L.S.D. (19:1) 





Experiment 3 (applications, March 5 and 17, 1953) 
6 replications 





Toxaphene 40% w.p. 2.5 0.$ | 0.1 
1.25 0.2 0.2 
Heptachlor 25% w.p. 8 0.2 0.1 
| + _— 0.6 0.3 
| @ _ 0.8 0.2 
DDT 50% w.p.+58 4+5 a 0.1 0.1 
245 — | 01 0.1 

EPN 27% w.p. $.7 i 0 
| 2.9 0 0.1 
Untreated —_— - 2.0 1.0 
L.S.D. (19:1) | | 0.5 0.3 


Experiment 4 (applications, April 21 and 27, 1953) 
5 replications 


Methoxychlor 50% w.p.| 4 | = a 

¢ | — |] as 
CS-708 25% w.p. 4 — | 0.3 

2 ~ 0.1 — 
Cryolite 90% w.p. 8.9 2.8 
DDT 50% w.p.+S 4+5 — 0.6 

2+5 0.2 
Malathion 25% w.p. 2.5 ~ 0.6 

1.5 ~ | 0.5 
Untreated - — | 1.4 





1 Tetra-n-propy! dithionopyrophosphate. 


100 gallons in schedule B. Despite the fact 
that CS-708 gave poorer control of the 
whitefly than some of the other insecti- 
cides, the yields in the CS-708-treated 
plots were high. It was noted throughout 
these experiments that the first instar 
nymphs were much more readily killed by 
the insecticides than the older nymphs. 

Brean Pop Borer Controu Struptes. 
The bean pod borer can be a most de- 
structive pest of grean beans. In one 
large planting of beans which had not been 
sprayed, the infestation by this insect 
rose to 35 per cent of the harvested beans. 
Two experiments were conducted to con- 
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trol this insect. Table 5 summarizes the 
results of these experiments. 

Experiment 1 (Kona, Hawaii).—In 
connection with whitefly experiment 3, 
it was found that beans harvested during 
the middle of May, 1953 were heavily 
infested with bean pod borer. The field 
was sprayed on May 18 and the infesta- 
tion from harvested beans was _ subse- 
quently measured. By May 22, the infes- 
tation had practically disappeared in the 
treated plots and had decreased consider- 
ably in the untreated plots. This latter 
observation can possibly be explained by 
the fact that untreated plants had been 
so heavily damaged by the whiteflies that 
the yield had been substantially decreased 
and there were very few beans from these 
plants at harvest time. In addition, this 
being a small-plot experiment the adult 
moths may have been eliminated from 
the treated plots where they were hiding 
during the day. 

Experiment 2 (Waimanalo, Oahu).— 
The experimental area consisted of 50 
plots, each of which consisted of one row 
10 feet long. Between each row was a 
barrier row and there was a 5-foot un- 
planted space between the plots along the 
rows. The field was planted on February 
9, 1953. By April 20, approximately 25 
per cent of the harvested beans were in- 
fested with the pod borer. Methoxychlor, 
CS-708, ceryolite, DDT plus sulfur, and 
malathion were applied by knapsack 
sprayer to the plants on April 21 and 27. 
The applications were light with emphasis 
on bean pod coverage rather than com- 
plete leaf coverage. All of the insecticidal 
treatments successfully reduced the in- 
festation. 

LEAFHOPPER CONTROL Stupres. Four 
small-plot experiments were conducted 
against the bean leafhopper. The experi- 
mental plot layout was described under 
the whitefly control studies. 

The infestation data were based on 
counts of the nymph population. Start- 
ing with the third plant in the plot a total 
of 10 or 20 terminal leaflets were taken at 
random from each plot and placed in a 
bag containing chloroform. The bags were 
tightly sealed and taken to the laboratory 
where the number of nymphs present was 
determined. 

The insecticides were applied by knap- 
sack sprayer in all but experiment 2 where 
a power sprayer was used. The insecticides 
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used and the results obtained are sum- 
marized in table 6. 

In experiment 1, CS-708 at 8 pounds of 
the 25 per cent wettable powder and iso- 
drin and endrin at 10 pounds of the 10 per 
cent wettable powder per 100 gallons gave 
excellent control of the leafhopper 2 weeks 
after treatment. Chlordane at 4 pounds 
of the 50 per cent wettable powder per 100 
gallons and aldrin at a dilution of 1-400 
of the 23 per cent emulsifiable concen- 
trate gave no control. 

In experiment 2, the effect of several 
phosphate insecticides on the leafhopper 
was studied. Although all of the insecti- 
cide treatments significantly reduced the 
leafhopper infestation when compared 
with the untreated plots 1 week after 
treatment, NPD gave significantly poorer 
control than the other materials. 

In experiment 3, the effect of toxaphene, 
heptachlor, DDT and EPN on the leaf- 
hopper was studied. All of the insecticide 
treatments significantly reduced the in- 
festation both 1 week and 2 weeks after 
treatment. 

In experiment 4, which was more fully 
described in connection with bean pod 
borer experiment 2, cryolite gave no con- 
trol of the leafhopper while CS-708 at 
2 pounds of the 25 per cent wettable 
powder, methoxychlor at 4 pounds of the 
50 per cent wettable powder, and DDT 
at 2 pounds of the 50 per cent wettable 
powder per 100 gallons gave good control 
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and malathion at 2.5 pounds of the 25 per 
cent wettable powder per 100 gallons gave 
only fair control. Spray coverage of the 
plants was not thorough since emphasis 
was placed on spraying the pods to con- 
trol the borer. 

SumMMARY.—Several small-plot experi- 
ments were conducted in 1952 and 1953 
to determine the effectiveness of insecti- 
cides applied as sprays in controlling the 
greenhouse whitefly, Trialeurodes vapor- 
ariorum (Westw.), the bean leafhopper, 
Empoasca solana De Long, and the bean 
pod borer, Maruca testulalis (Geyer). 

In three experiments in which three 
sprays were applied at weekly intervals 
to control the whitefly, 0.032 per cent 
parathion and 0.063 per cent EPN gave 
excellent control while the following ma- 
terials gave good control: 0.016 per cent 
parathion, 0.25 per cent DDT, methoxy- 
chlor, and chlordane, 0.125 per cent toxa- 
phene and dieldrin, and 0.063 per cent 
aldrin. In a fourth experiment, a compari- 
son was made of the effectiveness of three 
sprays of parathion, malathion, CS-708 
and EPN applied at weekly and biweekly 
intervals to control this insect. EPN was 
equally effective under either application 
schedule. Parathion, malathion, and CS- 
708 were more effective when they were 
applied at weekly intervals. 

All of the materials tested were effect- 
ive in controlling the bean pod borer and 
the bean leafhopper. 


BOOK REVIEW 


Tue STATistics OF Bioassay, WITH SpectAL ReEr- 
ERENCE TO THE VITAMINS, by C. I. Bliss. Academic 
Press, Inc., 125 East 23rd Street, New York 10, 
New York. 1952. 9X6 inches, 183 pages, 67 
tables, 12 figures. $3.50. 


The text of this book was prepared primarily for 
workers in the field of vitamin research. However, 
the techniques presented should be very useful for 
the biological assay of any chemical in which ani- 
mals, in the broad sense of the word, are used. Not 
all of the features of the techniques may apply di- 
rectly to experiments with insects but the discussions 
of the basis for dosage-response lines and the state- 
ments of the principles involved are presented thor- 
oughly in a fresh and interesting manner. 

The book is written as a working manual for biolo- 
gists and attempts to indicate the purpose of each 
statistic and provide working directions for its cal- 
culation. A knowledge of algebra is the only pre- 
requisite in mathematics. This book will be useful to 
both the beginner and those with experience in the 





use of regression and dosage-mortality techniques. 

A review of the general principles of biological 
assay is used to introduce the reader to the develop- 
ment of the statistical techniques. The presentation of 
each additional concept is accompanied with an ex- 
ample problem. The presentation of statistical tech- 
niques covers the field from the computation of a 
dosage-response curve from individual observations 
to methods of quality control in repeated assays and 
collaborative experiments. A glossary of symbols, an 
index to equations and a subject index are given. 

The exposition of such basic concepts as N-2, the 
least sum of squares of deviations from the line, the 
standard error of the line and others is particularly 
good. The manner in which the application of analy- 
sis of variance to the regression components is pre- 
sented, discussed and illustrated will surely provide 
better comprehension of this technique and extend 
its use. Many suggestions for saving calculation time 
are offered. 


Louts A. Rresu 


SCIENTIFIC NOTES 


Reaction of Sorghum Varieties to the 
Chinch Bug 


R. G. Daums and J. B. Steciincer,! 
Stillwater, Oklahoma 


Since the reaction of sorghums to the chinch bug, 
Blissus leucopterus (Say), was reported by Snelling 
et al. (1937), several new varieties have been dis- 
tributed to farmers in Texas, Oklahoma, and Kansas. 
A study of the reaction of this insect to some of these 
new varieties in comparison with that of some of the 
older standard ones is presented herein. 

Chinch bug sorghum nurseries at Lawton and 
Stillwater, Oklahoma, were seeded in late May or 
early June. Each variety was seeded in single 50- 
foot rows replicated four times. Three weeks after 
seeding the nurseries were thinned to leave 6 inches 


between plants, or approximately 100 plants per 
row, and the number of plants in each row was re- 
corded, When chinch bugs were abundant, live 
plant counts were made every 3 weeks during the 
season. 

Most of the varieties tested had shown some adap- 
tation to Oklahoma conditions, but some advanced 
hybrids and varieties used in the sorghum-breeding 
project were included. 

In 1946 and 1949 the chinch bug infestation was 
rather severe at both Stillwater and Lawton. In 
both years, migration of the bugs into the nurseries 
occurred by flight and uniform infestations appeared 


1 Entomologist, Entomology Research Branch, and Agrono- 
mist, Field Crops Research Branch, Agricultural Research 
Service, United States Department of Agriculture, in coopera- 
tion with the Oklahoma Agricultural Experiment Station. 


Table 1.—Percentage of sorghum plants killed by chinch bugs, Oklahoma, 1946 and 1949. 
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VARIETY 


Grain sorghums: 
Bonita 
Caprock 
Club-Day X338 
Club kafir 
Club X Day 
Darso 
Darso (Sel.) 


Dwarf Kafir 
Early milo 480 
Milo 332 F, 

Hegari 

Hydro 
Kaferita 
Kaferita 
Martin 
Midland 

Milo 51XC.I. 811 
Plainsman 
Redlan 

Santa Fe 
Sharon kafir 
Standard kafir 


Texas milo (check) 


Western Blackhull 


Westland 


Wheatland (Resistant) 


White darso 
Witchweed 
Yellow darso 


Forage sorghums: 
African millet 
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Honey 
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while the plants were small. In 1947 and 1948, 
there was a moderate infestation in the Stillwater 
nursery. However, as the bugs migrated on foot 
into the nursery in those years, the infestation was 
not uniform; therefore, reliable data were not ob- 
tained. From 1950 to 1953 the chinch bug infestation 
was not sufficient to cause significant differences 
between varieties. 

The results of these tests are shown in table 1. 
Most varieties reacted similarly to the chinch bugs 
at both locations. However, there was a marked dif- 
ference in the reaction of Hegari in 1949. Kaferita 
C.I. 811 had the lowest percentage of plants killed at 
both places. Sharon kafir was more resistant than 
any of the other kafirs tested. Two selections from 
crosses of an early dwarf milo, having milo seed 
characters, appeared to be more resistant in 1949 
than any of the other milos tested. These selections 
were made in 1948 from F; lines growing in the ob- 
servational nursery that received a heavy infestation 
of chinch bugs. 

Three combine milos—Wheatland, Westland, and 
Martin—appeared to be as resistant as Western 
Blackhull or Hydro kafir and almost as resistant as 
Standard kafir. Three other combine milos—Mid- 
land, Plainsman, and Caprock—were quite suscepti- 
ble; they should not be planted where chinch bugs 
are likely to be abundant. Bonita, a dwarf selection 
from Hegari X Chiltex (Feterita < Kafir), was 
similar to Hegari in its reaction to chinch bugs. 
Redlan, a dwarf kafir recently released by the Okla- 
homa Agricultural Experiment Station, appeared to 
be highly resistant. 

Only nine forage sorghums were included in these 
tests. Honey and Shallu were very susceptible. Leoti 
was moderately resistant, while the others were very 
resistant. A selection of Honey was much more re- 
sistant than the original Honey. This resistant 
Honey is the result of a single-head selection made 
by the junior author in 1943 from a field at Stillwa- 
ter, that had been almost completely destroyed by 
chinch bugs. 
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A Comparison of Dilute and Concen- 
trate Sprays for Control of Insects of 
Potato and Tomato’ 


D. O. Wotrensarcer, University of Florida 
Sub-Tropical Experiment Station, Homestead 


A practical method of reducing the amount of 
water used in pesticidal spray mixtures would tend 
to lower production costs in several ways. In areas 
where water is scarce and must be pumped from wells 
or hauled long distances, a direct saving in time and 
labor would result from the use of concentrate 
sprays. Other possible advantages, would be reduced 
wear on spraying equipment and the more rapid 
application of pesticidal treatments to check estab- 
lished infestations. A necessary condition to be met 
in the use of concentrate sprays, however, is that 
they must control the pest satisfactorily. 

Experiments were conducted in 1951-52 and 
1952-53 in which comparisons were made between 
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dilute and concentrated spray mixtures. The results 
of these tests for two seasons on tomatoes and for 
one season on p>tatoes are presented. 

EquipMent AND Mertuops.—Spray machines of 
the type employed by commercial growers were 
as the standard in all experiments. These machines 
were equipped with booms and varying numbers of 
nozzles per row. Three nozzles per row were used for 
young plants. As the plants increased in size the 
number of nozzles was increased to a maximum of 
five per row on potatoes and to 11 per row on 
tomatoes. Pressures of about 425 pounds per square 
inch were maintained in all experiments. Variable 
amounts of spray applied per acre, depending on the 
size of the plants, ranged from 75 to 175 gallons per 
acre. This equipment is termed the “high-gallonage” 
sprayer. These machines covered plot widths of 12 
feet (four rows of potatoes, two of tomatoes). Plot 
lengths were as follows: Potatoes, 50 feet; tomatoes, 
120 feet (60 plants) in 1951-52, and 36 feet (18 
plants) in 1952-53. 

A mist-blower sprayer was used for all experiments 
each season. This self-propelled attachment? was 
bolted to a commercial spray machine and had a 
rated capacity of 26,000 cubic feet of air per minute 
with an air speed of 90 miles per hour. Pesticide 
mixtures piped from the pump of the sprayer were 
sprayed at pressures of about 300 pounds per square 
inch into the airstream of the blower. The airstream 
was directed horizontally toward the plants at right 
angles to the path of the machine and toward the 
center of the plots. One-fifth as much water per 
acre was used with this machine as with the dilute 
sprayer. This equipment is termed the “‘mist-blower” 
concentrate sprayer. Potato spray plots were 96 feet 
(32 rows) wide for the mist-blower concentrate 
sprayer. Although the 96-foot width exceeded dis- 
tances at which the mist-blower was expected to 
perform satisfactorily, some data were obtained on 
distances to which the pesticides provided control. 
Plot sizes for the tomatoes were 120 feet (20 rows) 
wide and 80 feet (40 plants) long in 1951-52, and 49 
feet (seven rows) wide and 36 feet (18 plants) long in 
1952-53. 

In the 1952-53 season another unit of equipment 
was used in making concentrate spray applications.’ 
It was equipped with a boom holding three nozzles 
per row for potatoes and four nozzles per row for 
tomatoes for applying the pesticides. Pressure was 
adjusted to 80 pounds per square inch. One-fifth as 
much water per acre was used for dispersing the 
same amount of pesticide as was used with the high- 
gallonage sprayer. This equipment was termed con- 
centrate “‘nozzle” sprayer. Potato plots were 12 feet 
(four rows) wide and 50 feet long for this machine. 
Tomato plots were 14 feet (two rows) wide and 36 
feet (18 plants) long. 

The treatments were replicated four times except 
with the mist-blower applications. Owing to limita- 
tions of space and materials the mist blower applica- 
tions were not randomized, but duplicate tomato 
plots and quadruplicate potato plots were treated in 
1952-53 with the mist-blower. 

Four rows of tomatoes each 60 feet (30 plants) 
long were left unsprayed as a check in 1951-52. 
There were four replications of unsprayed check 
plots in 1952-53, each 14 feet (two rows) wide and 
36 feet (18 plants) long. 


. 1 Florida Agricultural Experiment Station Journal Series, 
No. 259. 

2 Supplied by F. E. Myers and Brother Company. 

3 Supplied by H. D. Hudson Manufacturing Company. 
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Fungicides used to control late blight were nabam 
plus zinc sulphate on potatoes and zineb on toma- 
toes. Parathion was combined with the fungicide as 
needed for control of the insects. These were used in 
the high-gallonage sprayer (per 100 gallons of water) 
at the following rates: Nabam (18%) 2 qts.; zinc 
sulphate (836% zn) 12 oz.; zineb (65%) 2 lbs.; para- 
thion, 1 lb. (15%) or } pt. of 4 lbs. per gallon of fluid 
concentrate. As concentrate sprays the same amounts 
of materials were dispersed in 20 gallons of water, 
and are termed 5X applications. Ten gallons of wa- 
ter were used for dispersing the same amount of 
pesticides from the mist-blower on tomatoes in 1951- 
52; hence, are termed 10X concentrate. 

In the 1951-52 experiment on tomatoes an amount 
of 150 gallons of spray mixture per acre was assumed 
as the amount used so that 30 and 15 gallons of 
spray per acre of the 5X and 10X concentrates, 
respectively, were applied to give approximately the 
same amounts of active ingredients per acre. In the 
1952-53 experiments more exact measurements 
were made of the dilute spray applications. Forward 
speeds of machines spraying concentrates were then 
calculated as those necessary for applying the same 
amounts of active ingredient per acre as was applied 
by the high-gallonage sprayer. Necessary and con- 
stant speeds were achieved through the use of a 
low-speed speedometer on the tractor, the accuracy 
of which was checked with a stopwatch. 

All potato and tomato plots were grown from seed 
planted in November or December. Tomato plants 
were set in the field in January and the fruit was 
harvested at the mature-green stage. All plants were 
given uniform cultural care common to crops in the 
area. 

Serpentine leaf mines, made by larvae of the 
Liriomyza pusilla “complex” were common on 
potato and tomato plants of all experiments. Aphids, 
chiefly the green peach aphid, Myzus persicae (Sulz.), 
mixed with a few cotton or melon aphid, Aphis 
gossypii Glov., colonies were present on potatoes. 
Worm injuries of fruit were attributed mostly to 
the tomato fruit worm, Heliothis armigera (Hbn.), 
although a light infestation of the fall armyworm 
Laphygma frugiperda (A. & S.), was present on 
plants in both experiments. Leaf mines and aphids 
were usually counted on the fourth leaf from the 
top of the plant. A total of 16 or more leaves was 
taken as a sample from each treatment. Worm- 
injured fruits were recorded as percentage of total 
fruit harvested. 

The late blight disease, caused by Phytophthora 
infestans (Mont.) Dby., was active in potato plots 
but did not appear in the tomato plots. 

An accumulation of 0.77 pound technical para- 
thion per acre was applied to the potato plants by 
the time observations were made for records of aph- 






Table 1.—Effect of dilute and concentrate 
sprays of parathion on aphids, serpentine leaf 
mines and yields of potatoes in 1951-52. 








BusHELS OF 





APpHIDs, MARKET- 
AVERAGE PER LEAF ABLE 
LEAF ON MINES TUBERS 
————--— PER 
SPRAYER Feb. 12 Feb. 20 Feb. 12 ACRE 
High-gallonage 0 0 0.9 351 
Concentrate, nozzle 0 0 2.8 304 
Concentrate, mist- 
blower 0 0 4.2 306 
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ids and leaf mines and for harvest of the tubers. 
Pounds of technical parathion per acre applied to to- 
matoes are given as follows: In 1951-52, 0.68 and 
0.90 by March 25 and April 6, respectively; 1.20 by 
April 15 and 22; in 1952-53, 0.52, 2.06, 2.32 and 2.32 
by March 8, April 16, 22, and harvest, respectively, 

Resutts.—Results of the potato spray applica- 
tions pertaining to insects and yield are summarized 
in table 1. 

No aphids were found on any plant sprayed by 
any machine. Averages of 84.2 and 48.7 aphids per 
leaf were found, however, on February 12 and 20, 
respectively, on non-insecticide sprayed plants in a 
nearby experiment. An average of 22.1 serpentine 
leaf mines per leaf was found on non-insecticide 
sprayed plants on February 12. Fewer serpentine 
leaf mines were found on plants nearer the mist- 
blower machine path than on plants further from 
the path. This gradient is shown from the Feb. 12 
count as follows: 


Row from machine 
path l 3 


No. mines per leaf 1.4 1.4, 2:8. 3.5. 7.6 


Slightly more tubers were harvested from dilute 
than from the concentrate sprayed plants. Tubers 
harvested from rows 1, 2, 3 and 6 distant from the 
mist-blower path averaged 334 bushels per acre 
while those from rows 9, 12 and 16 averaged 288 
bushels per acre. 

The late blight disease became prevalent in the 
middle of the plots treated by the mist-blower. 
Damage by this disease is believed to account for 
the lower yields in rows 9, 12 and 16. Although late 
blight was present on plants treated by the other 
machines it was never abundant and probably did 
not depress yields appreciably. 

Results of the tomato spray applications in the 
1951-52 season are summarized in table 2. 


Table 2.—Effect of dilute and concentrate 
sprays of parathion on serpentine leaf mines 
and worm-injured fruit on tomato plants in 
1951-52. 








Lear MINEs, 


AVERAGE 
Apr. 6, : 
Mar.25 Fourtu Per Cent Worm 
Top Lear InsuReED Fruit 
Four FROM —————_—_—_—_— 
SPRAYER LEAVES Tor Apr. 15 Apr. 22 
High-gallonage 32 6 2 19 
Concentrate, mist- 
blower 
5x 20 10 2 20 


10 
Untreated 74 





Considerable reductions in leaf mines and wormy 
fruit were obtained by all applications as compared 
with the check. Differences between sprayers, how- 
ever, were slight. Late blight was not a factor affect- 
ting the plants in this test. No yield data were 
obtained. 

Results of tomato spray applications of the 1952- 
53 season are summarized in table 3. 

Considerable reductions in leaf mines and worm- 
injured fruit were obtained by all applications as 
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Table 3.—Effect of dilute and concentrate 
sprays of parathion on serpentine leaf mines, 
worm-injured fruit, and yield of tomatoes in 
1952-53. 








BusHELs 
AveraGe Per Cent Worm- MARKET- 
Lear INJURED Fav IT ABLE 

MINES - —— Tupers 

SPRAYER PER LEAF Apr. 16 Apr. 22 per AcRE 
High-gallonage 3 1 4 373 

Concentrate, mist- 

blower 6 1 13 255 
Concentrate, nozzle 7 1 5 209 
Untreated 22 38 51 205 





compared with the check. Differences between 
sprayers, however, were slight. Although the most 
fruit was picked from plants sprayed with dilute 
spray mixtures, neither late blight, insect control 
nor plant injury serve to give an explanation for the 
yield differences between sprayer treatments. 

SumMAry.—Reduction of aphids and serpentine 
leaf mines on potatoes and of leaf mines and worm- 
injured fruit on tomatoes were achieved almost as 
well with concentrate as with dilute spray mixtures. 
Concentrate sprays applied by means of a mist- 
blower or by nozzles were practically equal in insect 
control. 


Repellency of Toxaphene Dust and 
Parathion Spray to Nomia melanderi 
in Blossoming Alfalfa 


HerMAN F. Menke, Andrews Seed Co., 
Harrah, Washington 


Numerous seed growers and some field men in the 
lower Yakima Valley have indicated that a 10 or 15 
per cent toxaphene dust applied to blossoming al- 
falfa would repel alkali bees (Nomia melanderi 
CkIl.) for 3 to 7 days. Some seed growers also believe 
that parathion spray or dust will repel bees for a 
sufficient length of time, 2 to 3 days, so when it is 
applied to a field in bloom it will kill but few polli- 
nators. 

Linsley and McSwain (1947) reported that DDT 
and DDT-fused sulphur dusts were repellent to 
honey bees for a few days, but insufficient informa- 
tion was obtained to indicate their effect on wild 
bees. 

Field locations where the toxaphene dust was ap- 
plied by ground equipment before 6:00 a.m., were 
all within 500 feet of a very large alkali bee nesting 
site. This site provides a very adequate supply of 
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pollinators for all the seed fields dusted with toxa- 
phene. Bee populations and tripping records were 
taken between noon and 2:00 p.m. for all the toxa- 
phene studies. Populations were determined by 
counting the number of bees in an estimated square 
yard selected at random approximately 3 yards in 
front of the observer; then the area counted was ap- 
proached cautiously and the alfalfa moved to obtain 
records of bees working under the foliage. After this, 
the observer walked another 8 to 10 paces and re- 
peated the count until 40 samples had been taken 
from each field. Two collections of 40 sweeps each 
were also taken by passing a standard 15-inch sweep- 
ing net in a straight line in front of the sampler 
while walking slowly through the field. Tripping! 
data were recorded by counting freshly tripped 
florets and then opened untripped florets on 100 
racemes taken at random in each field. This was 
done at the same time populations were recorded. 
The results are given in table 1. 

There was little change in populations or tripping 
rates (Table 1) from 6 hours to 3 days after toxa- 
phene was applied. Perhaps in areas where alkali 
bees are not numerous a more obvious repellency 
occurs. 

For the parathion test a 110-acre alfalfa seed 
field was used. It had a severe pea aphid infestation 
and was in full bloom. Since it was in an isolated 
region of the Yakima Valley, the native bee poison- 
ing could be studied effectively. The field was 
sprayed by air at 6:00 p.m. on August 2, with 10 
ounces of actual parathion in 5 gallons of water per 
acre. It was warm and quiet with no appreciable 
drift. There was no bee activity at the alkali bee 
nesting site after 5:00 p.m., therefore bees probably 
were not poisoned by direct contact. 

Alkali bees nested along the roadside which bor- 
dered the sprayed field on two sides. In an intensive 
nesting area 6 plots, 1 yard square, were marked off 
with a few yards between each one. After the dead 
bees had been counted in these plots all the bee 
tunnel entrances were pinched closed on the soil 
surface; a technique of Bohart & Lieberman (1949). 
Late afternoon, each day, nesting activity data were 
recorded. The number of opened tunnels were 
counted and again pinched closed; also the number 
of dead bees was record 

The average number of bees found in the field 
and the percentage of florets tripped are recorded 
in table 1. Table 2 gives the counts made at the nest- 
ing site. Since there was an appreciable mortality 
and extensive tripping (23 per cent) in the parathion- 
treated field the day after application, repellency 


1 Release of the sexual column from the keel petal. 


Table 1.—Repellency of toxaphene and parathion to the alkali bee. Wapato, Washington, 1953. 








Per Cent FiLorets 


No. BEEs Per 40 








No. BreEs PER ACRE TRIPPED SwEeEps® 
APPLICATION —- — -— — fn 

Date! 8-1 8-2 8-3 8-1 8-2 8-3 | 8-1 r 82 | 88 
July 31 2, 904 | 2,420 | 3,388 70 700~|6|)«Oo78 7.5 8 2 
Aug. 1 | $3,872 | 3,872 | 2,904 71 81 78 1} 8 5 8 
Aug. 3? g, 904 2,904 1,452 77 67 85 | 14 a.5 ¥° FPS 
Check 2 420 80 8.5 
Aug. 2 | 1,452 484 25 3 | | 4 





' Toxaphene dust applied July 31, 
? Check until treated. 
Average of two counts. 


Aug. 1 and 3; parathion spray applied Aug. 2. 
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was probably not a significant factor. Only a few 
bees were counted in this field on August 3, however 
the tripping records showed there was good activity 
earlier. By early afternoon the day following the 
parathion application one could hear intense hyper- 
activity in the nests. There was a most unusual 
constant high pitched hum all over the bee site. 

The great variation in the number of bees counted 
by the sweeping technique (Table 1) emphasizes its 
limitations where this native bee is concerned. Since 
this species is easily disturbed a more accurate 
measure of bee activity in an alfalfa field may be 
obtained with tripping records and area counts 
instead of sweeping. 

From the limited studies made it appears that 15 
per cent toxaphene dust applied at 30 pounds per 
acre on blossoming alfalfa has little effect on alkali 
bee activity. Ten ounces of parathion spray per 
acre applied on a blooming alfalfa field in the evening 
did not give sufficient repellency to prevent poison- 
ing of approximately 30 per cent of the alkali bees 
nesting nearby. This is apparently the first report 
indicating toxicity of parathion to alkali bees under 
field conditions. 


Table 2.—Alkali bee nests following applica- 
tion of parathion to blossoming alfalfa. Wapato, 
Washington. 1953. 








| 


AVERAGE NUMBER 





IN 6 SquARE YARDS | Per CENT 
——— —__——| REpvucrIon 
| Dead Active | «un AcTIVE 
Date | Bees Nests | Nests 
Aug.2 | , 1 “ss 0 
Aug.3 | 36 120 5 
Aug.4 | 18 | 78 39 
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Control of Human Bot Fly on Cattle’ 


W. W. Neen, Department of Entomology, 
Texas A. & M. College System 


The human bot fly, Dermatobia hominis (L., Jr.), 
is a common important ectoparasite of cattle in 
Mexico, Central and South America and the Car- 
ribean area. The presence of this parasite in the tis- 
sues of cattle causes losses including reduction in 
weight gains, reduced milk flow and damage to 
hides. In addition, attacks by the torsalo larvae 
causes an animal to be more susceptible to patho- 
genic infections and to secondary infestations by 
other parasites, such as the screw worm fly, Callit- 
roga hominivorax (Coquerel). 

In recent years a number of intensive field trials 
have been conducted to find a safe and effective in- 
secticide that could be applied to cattle for the con- 
trol of this parasite. Squibb (1945) at the Inter- 
American Institute of Agricultural Sciences, Turri- 
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alba, Costa Rica, tried weekly spray applications of 
DDT and rotenone. This investigation was fol- 
lowed by those of Rhoad*, who found that the daily 
application of the water extract of the green root of 
derris was an effective control agent. In 1949 
Creighton and Neel, working at this same institu- 
tion, tested some of the newer insecticides including 
DDT, toxaphene, chlordane and BHC. 

Laake (1948) in Brazil demonstrated the use of 
0.5 per cent toxaphene spray and dip as an effective 
control agent of this parasite. Adams (1952) and his 
associates in Nicaragua have demonstrated further 
that the systematic spraying of cattle with 0.5 per 
cent toxaphene on an area-wide basis can minimize 
the damages caused by this pest. Toledo (1952) in 
Brazil applied BHC and lindane as dusts and BHC 
and toxaphene as sprays to determine if the bi- 
weekly treatment of cattle with these materials 
would give adequate torsalo control during the rainy 
season, December through March. Pinheivo & Baroni 
(1953), also working in Brazil, found that the bi- 
weekly spraying of cattle with 0.4 per cent toxaphene 
and .016 per cent gamma isomer of BHC over a 
1-year period resulted in the economic use of pastures 
which previously were non-utilizable because of 
heavy populations of this fly. 

Description AND Lire Cycie.—The adult is a 
relatively large, blue, metallic-colored fly measur- 
ing from 10 to 15 mm. in length. It is seldom en- 
countered in the field and is rarely, if ever, captured 
by conventional fly trapping methods. When fully 
developed the larva measures 25 mm. in length. 

The life cycle is completed in about 3 months, de- 
pending on the temperature, and can be summarized 
as follows: egg stage, 5 to 12 days; larval period in 
the egg case on the intermediate host, 1 to 20 days; 
larval period in the definitive vertebrate host, 34 
to 43 days; pupal stage, 35 to 43 days; life span of 
the adult, 5 to 10 days. The different stages of the 
insect are found throughout the year, but the peak 
incidence occurs during the rainy season. 

Martertats AND Mertnops.—The animals se- 
lected for this experiment were 40 criollo and 
Brahma steers located on Finca Azul near Turrialba, 
Costa Rica. Selections were made so that animals 
with heavy, medium, and light infestations were 
divided equally into 4 groups of 10 animals each. 
The groups were selected at random for the treat- 
ments. The 4 groups were maintained in separate 
pastures. The pastures, located on rolling and some- 
times steep terrain, were only partially cleared of 
trees and woody shrubs. Grasses and other vegeta- 
tion were abundant everywhere. This test was con- 
ducted during a period of heavy rainfall from Sept- 
ember 30, 1952, to January 20, 1953. This is con- 
sidered to be the latter part of the rainy season 
which, in the Turrialba area, extends approximately 
from May to the latter part of January. 

The insecticides were applied with a power sprayer 
at a pressure of from 250 to 300 pounds per square 
inch. A 4-foot spray gun equipped with three nozzles 
was used for applying the insecticides. The sprayer 


1 This study, made possible by a grant from the Standard Oil 
Development Co. of Linden, New Jersey, was performed at the 
Inter-American Institute of Agricultural Sciences, Turrialba, 
Costa Rica. It was approved by the investigator’s graduate 
committee of Texas Agricultural and Mechanical College as 
part of a dissertation problem. 

2 Commonly referred as torsalo fly in Latin America. ; 

3 Rhoad, A. O. 1946-47. Control of torsalo, Dermatobia 
hominis (L., Jr.), in cattle. Unpublished. Annual Report of the 
Inter-American Institute of Agricultural Sciences, Turrialba, 
Costa Rica. 
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was arranged to pump from drums filled with the 
insecticides. The drums were cleaned thoroughly 
after each material was applied to prevent contam- 
ination. An average of 3 quarts of the spray was 
applied to each animal. The testing of more than 
3 insecticides was not possible because of the small 
number of pastures available. Toxaphene was se- 
lected as one material because it has been established 
as a safe and fairly effective control agent. The com- 
bination DDT and BHC was selected because pre- 
liminary experiments in the past indicated that both 
materials were effective control agents. The fact 
that aldrin could be used economically and effec- 
tively at a very low concentration was the prime fac- 
tor for including it in the group. The 0.5 per cent 
toxaphene and 0.15 per cent aldrin treatments were 
prepared respectively from toxaphene and aldrin 
emulsifiable concentrates of 50 per cent and 25 per 
cent. The combination of 0.5 per cent DDT and 
0.03 per cent gamma isomer of BHC was prepared 
from a wettable powder concentrate containing 38.1 
per cent DDT and 2.3 per cent gamma isomer of 
BHC. 

The treatments were applied every 2 weeks. Be- 
cause previous examinations indicated that the 
infestation by this parasite on one side of each ani- 
mal represented about one-half the number of total 
infestation, all counts were taken arbitrarily from 
the left side of each animal. Counts were made pre- 
vious to the spray applications once every 2 weeks 
until October 28 and, thereafter, once every 4 weeks 
until the end of the experiment. Each group com- 
prised ten animals until December 23rd. During the 
remainder of the time each of the groups lost by sale 
the following number of animals: toxaphene, two; 
DDT-BHC, two; aldrin, none; and check, one. 

Resuuts.—The results of this study are shown in 
table 1. The analysis of variance showed that: (1) 
all treatments were significantly better than the 
unsprayed, and (2) differences between insecticides 
were not significant. 

This study was conducted during a period of slight 
decrease in the incidence of human bot fly infesta- 


Table 1.—The control of Dermatobia hominis 
(L., Jr.) on cattle by the use of three insecticides 
during the period September 30, 1952 to January 
20, 1953. Turrialba, Costa Rica. 








AVERAGE Numer! or Larvak Estas- 
LISHED PER ANIMAL (LEFT Sipe ONty) 


DDT 
Plus 
Gamma 
somer 
of BHC 
0.5 
Toxa- Per Cent 
phene plus Aldrin 
APPLICATION 0.5 0.038 0.15 
DaTEs Per Cent Per Cent Per Cent Check 
9-30-52 82.02 30.92 33.4 31.52 
10-14-52 26.8 36.3 29.3 87.4 
10-28-52 25.7 31.4 28.3 40.8 
11-11-52 
11-25-52 10.4 12.3 9.4 20.9 
12- 9-52 
12-23-53 6.0 5.9 4.7 17.8 
l- 6-53 
1-20-53 3.5 4.5 2.4 22.0 
Average 14.45 18.08 14.84 27.87 


Least significant difference between treatments at .05 level 


=6.458, 





' Represents the average of from 8 to 10 animals. 
Initial infestation. 
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tions. Even though a noticeable reduction of this 
fly occurred in the untreated group, the economic 
importance of the high infestation rate of this group 
at the end of this experiment remained quite ob- 
vious. During this same period the treatments re- 
duced the infestation of the animals to a point of 
minor significance. 

In contrast to a consistent infestation rate de- 
crease among the toxaphene and aldrin treated 
groups, a slight infestation rise during the first 4 
weeks in the DDT-BHC treated group can be noted 
upon examining table 1. 

SumMary.—A comparative insecticide test during 
the period September 30, 1952, to January 20, 1953, 
in the vicinity of Turrialba, Costa Rica, showed 
that insecticide concentrations of 0.5 per cent toxa- 
phene, a mixture of 0.5 per cent DDT and 0.03 per 
cent gamma isomer of BHC, and 0.15 per cent aldrin 
when sprayed on cattle at bi-weekly intervals gave 
effective control of the human bot fly. The differen- 
ces in control among the insecticides were not signif- 
icant. 
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Insecticides for Cotton Leafworm 


Control in 1952 and 1953 


C. R. Parencta, Jr., C. B. Cowan, Jr., and 
J. W. Davis, U.S.D.A., Agr. Res. Serv., 
Entomology Research Branch‘ 


Infestations of the cotton leafworm, Alabama 
argillacea (Hbn.), were of minor importance in cen- 
tral Texas during 1952 and 1953. However, damag- 
ing infestations in occasional fields late in each sea- 
son afforded an opportunity for tests with several 
insecticides for the control of this insect in the vicin- 
ity of Waco, Tex. 

ProcepurE.—Experiments 1 and 2 were con- 
ducted in August 1952 and the other experiments 
late in August and during the first half of September 
1953. The plots in experiments 1, 2, and 3 ranged 
from 2 to 6 acres in size. Those in the other experi- 
ments were only 0.1 acre, because the heaviest in- 
festations occurred in a low, narrow area extending 


1In cooperation with the Texas Agricultural Experiment 
Station. e 
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across the fields. The use of the small plots also per- 
mitted more treatments to be included. There were 
no replications of treatments. 

In the large-plot experiments emulsions were ap- 
plied with 8-row tractor-attachment low-pressure 
and low-volume spray machines at the rate of 6 
gallons per acre. In the small-plot experiments they 
were applied with a 4-row tricycle-type self-pro- 
pelled machine constructed especially for spraying 
small areas; an engine mounted on the frame was 
used to propel the machine and to drive the pump. 
The total volume of spray applied per acre was 7.5 
gallons. Three nozzles per row were used, and the 
sprays were applied at a pressure of 60 pounds per 
square inch. Dusts were applied with rotary hand 


guns. 


Table 1.—Effectiveness of several insecticides 
against the cotton leafworm in field experiments. 








Num- 
BER OF 
TREATMENT LARVAE Per Cent 
(Per Cent 1n Dusts, PER ConTROL AFTER 
Pounps or Active DosaGe PLANT - - - 
INGREDIENT PER PER Brrore 
ACRE IN SpRAys) ACRE Treat- Hours Hours! 
MENT 


Experiment 1 (Sprays applied August 8, 1952) 


Gallons 
Toxaphene 1.5 6 9 96 98 
Endrin 0.2 6 7 88 100 
EPN 0.125 6 6 98 100 
Experiment 2 (Sprays applied August 14, 1952) 
Toxaphene 1.5 6 17 89 97 
Endrin 0.2 6 15 97 97 
0.3 6 18 97 98 
Isodrin 0.2 6 17 88 95 
0.3 6 17 94 98 
EPN 0.125 6 15 99 99 
0.25 6 19 99 99 
Parathion 0.125 6 20 100 100 
Metacide 0.16 6 19 99 100 
Experiment 3 (Sprays applied August 26, 1953) 
Toxaphene 2.25 6 19 90 
1.5 6 24 84 90 
Endrin 0.3 6 28 97 100 
0.2 6 20 95 98 
Parathion 0.25 6 25 99 100 
Chlorthion 0.375 6 25 96 99 
0.25 6 29 85 oF 
Experiment 4 (Dusts and sprays applied August 29, 1953)? 
Pounds 
Dusts: 
Toxaphene 20+sul- 
fur 40 10 13 — 27 
BHC gamma 3 
+DDT 5+sulfur 40 13 17 — 46 
Gallons 
Sprays: 
Toxaphene 2.25 7.5 13 - 85 
BHC gamma 0.3 
+DDT 0.5 7.5 17 _- 80 
Endrin 0.3 7.5 17 — 97 
Experiment 5 (Dusts applied September 2, 1953) 
Pounds 
Toxaphene 20+ sul- 
fur 40 18 16 66 
BHC gamma 3 
+DDT 5+sulfur 40 18 20 66 
Calcium arsenate 10 19 73 — 
Experiment 6 (Dusts applied September 18, 1953)4 
Toxaphene 20+sulfur 
40 18 15 60 91 
BHC gamma 3+DDT 
5+sulfur 40 17 17 62 80 
Calcium arsenate 11 16 74 98 








1 After 72 hours in experiment 1. 
2 Heavy shower after 4 hours, 1 inch of rain within 30 hours. 
31 inch rain after 8 hours. 

4 Trage of rain after 4 hours. 
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Infestation records were made by tagging 10 
plants selected at random within each plot and 
counting all the leafworm larvae on each plant just 
before treatment, 24 and 48 hours after treatment, 
and sometimes at longer intervals after treatment. 
Since reports of failures by growers to control leaf- 
worms with toxaphene and BHC plus DDT dusts 
were received during 1953, these materials were 
included in three experiments. Treatments and re- 
sults in the various experiments are given in table 1. 

Resutts.—The cotton plants averaged 3.5 feet 
in height in 1952 and 4.5 feet in 1953. In experi- 
ments 1 and $ the population consisted of larvae of 
all sizes, but in the other experiments most of the 
larvae were large. 

In experiment 1 all the treatments gave good ini- 
tial kill of leafworms. The cotton continued to be 
succulent and therefore was subjected to reinfesta- 
tion. Six days after treatment toxaphene still 
showed 93 per cent control and endrin 58 per cent, 
but EPN was ineffective after 5 days. 

In experiment 2 all insecticides gave good control. 
Isodrin was slightly less effective at 0.2 pound than 
at 0.3 pound per acre. There was no appreciable dif- 
ference between these two dosages of endrin, or 
between 0.125 and 0.25 pound of EPN. Parathion 
at 0.125 pound per acre gave 100 per cent kill after 
24 hours and Metacide at 0.16 pound after 48 hours. 

In experiment 3 endrin at 0.3 pound and para- 
thion at 0.25 pound per acre gave complete kill 48 
hours after treatment. Toxaphene at 2.25 pounds, 
endrin at 0.2, and chlorthion? at 0.375 pound per 
acre were only slightly less effective. Toxaphene at 
1.5 pounds and chlorthion at 0.25 pound per acre 
were less effective. 

In experiment 4 toxaphene and BHC plus DDT 
applied in dusts and sprays and endrin applied in a 
spray were compared. The amount of toxicant ap- 
plied in the dust differed very little from that in the 
spray, being slightly in favor of the toxaphene spray 
and of BHC plus DDT in the dust. There was a 
heavy shower 4 hours after treatment, and about 
1 inch of rain fell on the field in several showers with- 
in 30 hours. Toxaphene and BHC plus DDT gave 
considerably better control in sprays than in dusts. 
Endrin gave outstanding control under the existing 
adverse weather conditions. 

In experiment 5 heavy dust applications of toxa- 
phene plus sulfur, BHC plus DDT plus sulfur, and 
calcium arsenate were compared. About 1 inch of 
rain fell 8 hours after treatment. After 24 hours the 
kill with calcium arsenate was slightly higher than 
with the organic insecticides. 

The same dusts used in experiment 5 were used 
in experiment 6 in an attempt to compare their per- 
formance under favorable weather conditions. The 
dosages of BHC plus DDT and of calcium arsenate 
were heavy, but that of toxaphene was less than is 
normally used for leafworm control. After 48 hours 
calcium arsenate gave nearly complete control, and 
toxaphene was more effective than BHC plus DDT. 


2 0,0-Dimethy]-O0-(3-chloro-4-nitropheny])-thiophosphate. 
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Effect on Beneficial Insects of Several 
Insecticides Applied for Cotton 
Insect Control! 


R. C. Gatngs, U.S.D.A., Agr. Res. Serv., 
Entomology Research Branch? 


The purpose of this work was to determine the 
effect on beneficial insects and spiders of certain 
insecticides applied for control of cotton insects. 
All treatments were made by airplane during the 
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early morning. One application was made on July 7 
for control of the cotton fleahopper, Psallus seriatus 
(Reut.). Applications for control of the boll weevil, 

Anthonomus grandis Boh., were started 3 weeks 
later, on July 28. Ten applications 4 or 5 days apart 
were required from July 28 to September 3. Each 


1 Presented at the meeting of the Cotton States Branch, En- 
tomological Society of America, at Biloxi, Miss., Jan. 25-27, 
1954. 

2 The field work ure performed by C. C. Bowling, J. O. Gib- 
son, Jr., and R. L. Watson. 


Table 1.—Effect on beneficial insects and spiders of certain insecticide dusts applied for the 


control of cotton insects. 








NUMBER PER 150 Row Fret—Per 100 Sweeps 





Lady Flower 
Recorp Date Beetles Bugs 


Lacewing 


Assasin 
Geocoris Bugs Spiders Syrphids 





Field 1 (37 acres) )—Dieldrin re —— 5%+sulfur 40% 
0 


June 15 15 138 

17 16-3 402-10 
Q2 5- 393-24 
29 \ 210-13 
186-15 

81-3 

72-5 

95-7 
‘ 69-14 

Aug. 7-1 

9-5 9-2 

0-1 
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June 
ped 19 
14-3 253-17 
19-3 144-11 
33-1 124-7 
40-4 67-7 
77-10 151-10 
33-3 26-4 
Aug. 15-3 18-2 
2-] 0-1 
0-1 0-0 1-0 
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F ae Q (3 ecves)—Tonaphene 20% +-sulfur 40% 
1 


13 
0-0 22-1 
0-0 25-2 
0-1 54-3 
0-0 84-11 
0-0 42-2 
0-0 66-6 
1-0 64-4 
1-0 63-13 
1-0 1-0 
0-0 6-1 
0-0 0-1 


—_ 


25 

0-0 18-2 
0-0 45-2 
0-1 45-5 
2-0 47-2 
0.0 43-3 
0-0 47-4 
0-0 15-2 
0-0 2-1 
0-0 1-0 
0-0 0-0 


Field 3 (51 acres)—BHC ome 3%) + DDT —— 0% 


June 16 153 
230-14 ‘3 
224-16 1-1 
July 120-12 0-0 
58-6 1-0 
111-9 3-1 
22, 23 5 231-19 8-1 
29, 30 13-2 2-0 
Aug. 5, 6 15-1 10-2 
12, 18 0-1 6-1 
19, 20 0-1 1-0 


4 1 0-0 22-8 
0.0 0-0 19-2 
1-1 0-0 64-5 
0-1 0-0 15-2 
3-1 0-0 43-8 
6-1 1-0 61-8 
0-0 0-0 2-2 
0-0 0-0 0-1 
0-0 0-0 1-0 
0-0 0-0 1-1 


Field 4 (60 acres) —BHC (gamma She 5%+sulfur 40% and calcium arsenate 


June 16 29 387 
19 17-4 482-20 
25 11-3 343-18 
July 2 45-3 223-18 
9, 10 9-3 61-4 
16, 17 31-3 
23, 24 53-12 
30, 31 = 
Aug. 6, 7 - 
13, 14 
20, 21 


oS 
D 


iy 
— tet Se tO 


‘ 


~ 
~~ 
‘ 


P tO rm 0 OO ~2 = 00 


‘ 
-_ Co 


0 17 
0-0 22-4 
0-0 37-3 
0-0 90-5 
0-0 25-2 
49-7 
52-10 
6-1 
3-1 
0-0 
0-1 


' 
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' Average for 4 points. —_ ' 
2 Average for 2 points. Poison applied at 5 a.m. on July 7. 
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insecticide was applied at 8 pounds per acre on July 
7; 10 pounds on July 28 and August 1; 12 pounds on 
August 5, 10, 14, and 18; and 15 pounds on August 
22, 26, 30, and September 8. All injurious pests were 
effectively controlled with each treatment. 

The records of beneficial insects were made by 
examining the plants on 25 row feet and by making 
100 sweeps with a 16-inch net at six points in each 
of the four fields. The results of these tests are shown 
ia table 1. 

The single insecticide application made on July 7 
greatly reduced the beneficial insect populations. 
There was a considerable build-up before the next 
application was required 3 weeks later, on July 28. 
After the second to fourth application had been 
made in the regular boll weevil poisoning program, 
beneficial insect and spider populations were prac- 
tically eliminated. 





A Migration of Aedes vexans Meigen’ 


Wituram R. Horsratt, 
University of Illinois, Urbana 


The swamp mosquito, Aedes verans, is well 
known as a migratory species. Observations of 
Hearle (1926) in Canada and Stage et al. (1937) in 
the Pacific Northwest indicate that flights of 10 to 
30 miles from larval sites are common occurrences, 
but shorter flights of 1 to 6 miles are also known. 
Limited migrations are in the manner of creeping 
spread during which the mosquitoes keep close to 
the ground. An instance reported by Rees (1943) at 
Salt Lake City, Utah, showed that in 2 to 5 days a 
creeping flight had spread over the city for a dis- 
tance of 5 miles from the nearest possible source. 
Under some conditions adults of this species fly at 
higher altitudes and are often distributed rapidly. 
MacCreary (1941) trapped migrants at elevations 
of 80 feet above the ground. Glick (1939) trapped 
night-flying females at 500 feet and 1000 feet above 
the ground. 

An extensive invasion into Illinois was made by 
Aedes vexans during the early part of September, 
1953. Attention of this laboratory was called to the 
presence of annoying infestations of this mosquito 
at several places in central and northern Illinois 
during the week of September 4 to 11, 1953. A hasty 
survey extending from the valley of the Illinois 
River near Havana eastward through the valley of 
the Sangamon River and as far east of the Wabash 
Valley showed infestations comparable to local 
summer populations. No Aedes verans had been col- 
lected from this area during any of several collecting 
trips made during August. This mosquito develops 
in sites subject to transient inundation, but no such 
conditions prevailed anywhere in the area. Neither 
the rivers nor their tributaries had been in flood dur- 
ing the preceding 2 months. In fact, the rivers had 
fallen steadily during the interval as a result of a 
statewide deficiency in rainfall second only to that 
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of 1893 in the annals of recorded weather for the 
state (Climatological Data, Illinois, 58&(8): 90). Ob- 
viously, the mosquitoes did not originate within the 
state. Neither did they come from any area to the 
south, west or east where dry climatic conditions 
prevailed, 

Logical sources of a population large enough to 
extend over the hundreds of square miles known to 
have been infested were in Wisconsin. Heavy rains 
causing suitable conditions for producing large 
populations of this species occurred during the first 
4 days of August over one area involving parts of 
Juneau, Sauk, Columbia, Adams and Marquette 
counties and a smaller area to the south and east in 
Waukesha and Milwaukee counties (Climatological 
Data, Wisconsin 58(9): 122). Centers of these areas 
are about 230 miles north of that surveyed in central 
Illinois. During the latter part of August and the 
first 3 days of September, unseasonably hot and dry 
weather prevailed over southern Wisconsin (idem.). 
The heat wave ended during the evening of Sep- 
tember 3 when a massive cold front moved across 
Wisconsin and blanketed Illinois September 4. The 
cold front was accompanied by a general displace- 
ment of air without excessive turbulence. 

Coincident with the invasion of the cold air came 
a large flight of the mosquitoes to the metropolitan 
area of Chicago at least 90 miles south of the Wau- 
kesha and Milwaukee counties. Complaints about 
annoying populations of mosquitoes came from 
hunters in central Illinois beginning September 7. 
Presumably these mosquitoes had been displaced 
southward for distances of 90 to 230 miles within 
24 to 48 hours. Some females were collected as far 
away as the southern tip of Illinois September 16 
where none had existed in August. If these mosqui- 
toes also invaded with the advancing cold front, 
they travelled some 460 miles or more. 
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EDITORIAL 
One Hundred Years of Entomology—Past and Future 


The first professional entomologists of 
the United States were appointed 100 
years ago. Today this nation has approxi- 
mately 4,500 professional entomologists. 
These scientists have the responsibility of 
protecting our resources from insect dam- 
age. 

Few people know about the total de- 
struction brought about by pest insect 
species. They are unaware of the impor- 
tant role of insects in the spread of dis- 
eases of man, animals, and plants. Even 
fewer know of the true value of the bene- 
ficial species. Our nation knows compara- 
tively little about the science of entomol- 
ogy. 

One of the speakers at an entomological 
meeting several years ago pointed out that 
not one person out of a hundred knew what 
an entomologist was, or what one did. It is 
perhaps understandable why so few people 
know what an entomologist is when we 
consider how few entomologists there are 
—about one to 36,000 in relation to the 
total population of our country. 

Prominent entomologists and _ insecti- 
cide chemists have pointed out through 
published articles and informal addresses 
during recent months what entomology 
has meant in the past 100 years to the 
production of food, feed, and fiber, the 
protection of man and animals from at- 
tack by insects, and the diseases trans- 
mitted by such insects. It is estimated, I 
believe conservatively, that at least 10 
per cent of the production from our soils 
are destroyed by insects. We can only 
speculate what these losses would be with- 
out the entomological information devel- 
oped during the past 100 years. Certainly 
our agricultural industry, and in turn the 
nation’s economic position, would not be 
what it is today. Entomologists have as- 
sumed their responsibility of preventing or 
reducing insect losses in years past with 
limited financial support. Thousands of 
dollars have been added to our national 
income for each dollar spent on research, 
teaching, extension, control, quarantine, 
and other activities dealing with insects. 

Millions of people have been spared suf- 
fering caused by insect-borne diseases. In- 
sects carry many kinds of diseases includ- 
ing some of the most important and devas- 


tating diseases of man. Research by 
entomologists, chemists, and medical spe- 
cialists led to effective control of malaria, 
the world’s worst disease, by developing 
ways to control the mosquito vectors. 
Typhus, transmitted by the body louse, 
probably has caused more deaths during 
all wars prior to World War II than 
enemy action. Billions were spent develop- 
ing means of protecting lives of individuals 
from implements of war over the years. 
Yet during that same period of time, 
funds devoted for research to control lice, 
the vectors of typhus, hardly exceeded a 
million dollars. 

The achievements of entomologists in 
the production of food have been as spec- 
tacular. Fruit and vegetable growers fully 
realize that without present methods of 
controlling various insects, it would not be 
possible to grow many of our fruits and 
vegetables on a commercial scale. Cotton 
growers know that this crop could not be 
produced profitably in the United States 
today without the available methods of 
combatting the many insect pests of cot- 
ton. The livestock industry would not be 
flourishing, particularly in the South, 
without the progress made in controlling 
ticks, flies, serew-worms, and other exter- 
nal parasites. 

Many of us are aware that our achieve- 
ments in entomology have not been ade- 
quately publicized. Committees of the 
Entomological Society of America, and 
many individuals in state, federal, and in- 
dustrial institutions have and are doing an 
excellent job to inform the public of these 
achievements during this 100th anniver- 
sary. But I doubt if the true significance 
of past accomplishments can be brought 
home to the public in 1 year and we should 
particularly continue to keep the public 
informed of the role of entomology in the 
nation’s welfare. 

We must acknowledge the contributions 
of many insect specialists for the status of 
our present information. Many natural- 
ists, and many trained taxonomists de- 
veloped a foundation of knowledge nec- 
essary to develop control measures before 
the first positions of professional entomol- 
ogists were created. Many other entomolo- 
gists devoted their study to the life history 
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and habits of insects. Information result- 
ing from such study often provides the 
key for developing practical control meas- 
ures. 

There are several well proved methods 
by which an insect might be controlled. 
These include: 1, cultural control; 2, bio- 
logical control; 3, development of varieties 
resistant to insect attack; and 4, chemical 
control. Few of us realize the amount of 
thought and pioneering research effort 
necessary on the part of early entomolo- 
gists in determining that these approaches 
to insect control most likely would lead to 
success. We can rightfully claim outstand- 
ing progress in meeting insect problems. 
But entomologists fully recognize that 
many unsolved problems still are before 
us. 

We can only speculate what entomology 
as a science will accomplish in the next 100 
years. Past experience and developments 
will serve as a solid foundation upon which 
to continue making progress. In attacking 
entomology problems in the future, we 
have great advantages over those who 
pioneered in entomological work 100 
years ago. Let us review our present posi- 
tion with that of our first professional en- 
tomologists. Today, we draw upon new 
information gained in many fields of sci- 
ence, including chemistry, physics, engi- 
neering, medicine, physiology, pathology, 
agronomy, pharmacology, and many other 
sciences. A larger number of specialists in 
these fields cooperate and actively par- 
ticipate in the solution of entomological 
problems. We have a vast amount of in- 
formation on the taxonomy, life history, 
habits, and ecology of hundreds of insect 
pests. Almost every state institution has 
qualified and experienced teachers to train 
corps of specialists needed to attack al- 
most any phase of the insect problem. The 
entomologists have just recently organ- 
ized a single national society —The Ento- 
mological Society of America—which can 
do much more to advance entomology 
than was possible in the past. Federal and 
state institutions have personnel and fa- 
cilities to provide greater assurance 
against the introduction of new pests 
equally as destructive as some of our 
worst pests introduced during the past 
century. We are better prepared to detect 
incipient outbreaks and have the know- 
how to delay or prevent the spread of 
many insects. We have well-equipped en- 
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tomology research laboratories in nearly 
all state experiment stations. Federal 
agencies have research stations located 
throughout the nation. Our industrial 
firms can furnish the chemicals and equip- 
ment needed to meet many entomological 
problems. The nation has many pest con- 
trol operators with equipment and experi- 
enced personnel available to deal immedi- 
ately with a wide variety of insect 
problems. There is more cooperation and 
coordination of effort between federal, 
state, and industrial institutions. The pub- 
lic and growers are depending more and 
more on entomologists for guidance in re- 
ducing or preventing losses caused by in- 
sect pests. All these advantages have 
accrued during the past 100 years. 

In spite of the great progress we have 
reason to wonder sometimes whether new 
insect problems develop as rapidly as 
older problems are solved. There are many 
reasons why this seems so. Insects are 
‘apable of changing their habits and 
adapting themselves to exist on new crops. 
They become established in new areas. 
The significance of acquired resistance to 
insecticides has been forceably brought to 
our attention during recent years. The 
public demands higher standards of insect 
control. The grower has learned to expect 
insect forecasts and more specific advice 
as to when and what control measures 
should be used. The use of a wider variety 
of chemicals on a more extensive scale has 
multiplied the problem of avoiding the 
contamination of our food supply with 
hazardous chemical residues. We must 
continue to develop effective and practical 
ways to use these chemicals with com- 
plete assurance that there will be no ad- 
verse effects on the safety and quality of 
food products. 

It is essential that all phases of ento- 
mology—research, control, quarantine, 
teaching, and extension receive adequate 
financial support to meet these many 
problems. How can we impress the public 
so the needed support will be provided? 
One over-all selling job is essential. If un- 
successful, this factor will be the greatest 
deterent to progress in entomology during 
the next 100 years. I refer to the job of 
convincing the public that we can serve 
the nation more efficiently and effectively 
by maintaining the science of entomology 
as an entity. It took 100 years to develop 
an organized and balanced approach to 
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insect control. The tendency to break up 
and relegate entomology to a position rep- 
resenting a phase of many sciences does 
not permit the coordinated approach nec- 
essary to solve the many diverse problems 
created by the thousands of insect species 
of economic significance to our nation. 

In the interest of efficiency we must 
strive to maintain an organizational struc- 
ture that will permit maximum coordina- 
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tion of entomological activities. Only in 
this way will it be possible to plan and 
direct entomological activities on a broad 
base and in turn develop the necessary 
coordination of entomological activities 
with those in related fields of science. 
E. F. Knrpiine, Chief, 
Entomology Research Branch, 
Agricultural Research Service, 
U.S. Department of Agriculture 
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Ralph Brownlee Swain 
1912-1953 


Ralph Brownlee Swain was born October 20, 1912 
at Benton, Illinois. He was graduated from Soldan 
High School, St. Louis, Missouri in 1930; received 
his B.Sc. from Iowa State College in 1934, his M.Sc. 
from Colorado A. and M. College in 1936, and was 
awarded a Ph.D. by the University of Colorado in 
1940. In 1938 and 1939 he worked as an agent for the 
Bureau of Entomology and Plant Quarantine on 
Mormon cricket control studies. He and SuZan 
Noguchi, artist and fellow student at the University 
of Colorado, were married December 24, 1938. Fol- 
lowing receipt of his doctorate he was given an ap- 
pointment with the Bureau at Gulfport, Mississippi, 
where he was in charge of studies on nematode para- 
sites of the white-fringed beetle until 1945. After a 
short assignment as a civilian employee of the U. S. 
Air Corps, he reported for duty at the Bureau’s 
Foreign Plant Quarantine Station in Hoboken, New 
Jersey. Here he remained until 1951, being assistant 
in charge at that time. In July 1951, he accepted a 
position as entomologist with the Office of Foreign 
Agricultural Relations and was assigned under the 
Point IV program to work in Nicaragua. His family 
accompanied him to Central America. Following a 
highly successful two years, Dr. Swain agreed to 
accept an additional year’s assignment. Before 
entering on this he and his family returned to the 
States, purchased a new automobile and spent 3 
months visiting relatives, friends, museums and 
laboratories. They were returning to Nicaragua via 
Pan-American highway when, on October 3, 1953, 
they were held up by bandits about 130 miles south 
of Mexico City. Not having the 2000 pesos de- 
manded in cash, Dr. Swain offered travelers’ checks, 
whereupon he was brutally shot. 

Thus, at the hands of vicious outlaws, ended the 
too brief life of Ralph Swain, entomologist, natural- 
ist, man of good will and devotee of service for 
others. This, in bare outline, is the story of his life. 
As an old friend the writer knows that much more 
could be said. Ralph and I first met during his 
freshman year at Iowa State. He came to college with 
an exceptional background in the biological sciences. 
He brought with him an extensive collection of 
Cicadellidae. He gave interesting accounts of natural 
history in the vicinity of St. Louis, Missouri, of his 
work during the summers between high school terms 
at the laboratory of his lifelong mentor, A. F. Sat- 
terthwait, and of his trip to the International Boy 
Scout Jamboree in England in 1929. The friendship 
begun then was broken only by his death. 

His publications include papers on the Cicadel- 
lidae, on the biological control of insects, and on the 


Mormon cricket. He published a number of papers 
in Spanish while in Nicaragua. Of particular interest 
among his writings is ““The Insect Guide,” beauti- 
fully illustrated by Mrs. Swain. This book stands as 
a very useful and fitting memorial to their fruitful 
collaboration and to Ralph’s work as an entomolo- 
gist. 

Friends in the United States and Nicaragua have 
contributed to a Memorial Fund and this is being 
used to build up a fine agricultural library at the 
escuela Nacional de Agricultura in Managua. 

Dr. Swain was a member of the American Associa- 
tion of Economic Entomologists, Entomological So- 
ciety of America, Kansas Entomological Society, the 
New York Entomological Society, John Burroughs 
Association and Sigma Xi. 

Surviving relatives are his parents, Mr. and Mrs. 
Ralph Swain, two brothers, Robert and Jack, his 
wife, SuZan and two sons, Tomi Alfred and Ralph 
Adrian. 


R. H. Newson 
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BOOKS FOR SALE: Blatchley—Heteroptera or 
| True Bugs of Eastern North America, 1926, 
\ 


| 1,116 pp., 12 plates, 215 figures, 1,253 species 








treated. Cloth Bound, $10.00. 


Blatchley—Orthoptera of Northeastern America. 
1920, 784 pp. 7 plates, 246 figures. Paper Bind- 
ing, $5.00. 


Blatchley and Leng—Rhynchophora or Weevils 
of Northeastern America. 1916, 682 pp. 155 fig- 
ures, 1,084 species treated. Paper Binding, $4.00 


Blatchley—Coleoptera of Indiana. A very few 
newly bound copies of this rare book available, 


$50.00. 


| Blatchley Nature Study Club, Noblesville, Indiana 





UNTREATED 


KIDNEY BEANS CONSULTANT in ENTOMOLOGY and INSECTI- 


CIDES: to manufacturers, custom operators, 
shippers and warehousemen. Legal service: dam- 
age appraisal and litigation from use of pesticides 
and defoliants or injury to shipping and stored 
products. Dr. E. R. de Ong, 926 Stannage Ave., 
Albany, California. 


TREATED WITH 
ARAMITE 


More money for growers! 


Aramite, today’s safest strongest mite- 
killer, promises growers bigger, more 
profitable yields of better fruits, vege- 
tables, row crops, cotton and orna- 
mentals. This is possible because 
Aramite can effectively control a wide 
variety of mites at low cost per acre 





SITUATION WANTED: Entomologist and insecti- 
cide chemist, Canadian degrees; now studying 
for M.Sc.; available 1 June 1954. Eight years re- 


without harming humans, animals or 
crops. Further advantages of Aramite 
are ease of use, long residual effect, 
high compatibility and harmlessness 
to natural predators. 


Naugatuck Chemical 





| Division of United States Rubber Company 
ELM STREET, NAUGATUCK, CONNECTICUT 
producers of seed protectants, fungicides, miti- 
cides, insecticides, growth retardants, herbicides: 
Spergon, Phygon, Aramite, Synklor, MH, Atanap. 





search experience; six years experience in 
charge of control operations in agricultural and 
medical fields; three years in senior post in 
tropical agricultural entomology directing re- 
search, operations, extension. Physically robust; 
prefers pest control and/or technical sales work 
in foreign stations. Fluent Italian and French; 
three minor languages. Details of experience and 
references on request. Reply Box D, Entomologi- 
cal Society of America, 1530 P Street, N.W., 
Washington 5, D.C. 








